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HYDROGEOLOGY AND GROUND-WATER FLOW OF THE DRIFT AND 
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Three aquifers and two confining units have been delineated within the drift underlying the 

area near the site of a former coal-tar distillation and wood-preserving plant in St. Louis Park, 

Minnesota. The aquifer system, which consists of the drift aquifers (upper, middle, and lower) and 

the Platteville aquifer, is called the drift and PlattevUle aquifer system. The hydrogeologic units of the 

drift, in descending order, are the upper drift aquifer, the upper drift confining unit, the middle drift 

aquifer, the lower drift confining unit, and the lower drift aquifer. 

The upper drift aquifer has a maximmn saturated thickness of about 25 feet. Hydraulic 

conductivities of the upper drift aquifer range from 1 to 25 feet per day in peat areas and from 50 to 

400 feet per day in sand and gravel areas. The upper drift confining imit generally is less than 20-feet 

thick, with a maximum thickness of about 62 feet. The saturated thickness of the middle drift aquifer 

generally is 20 to 30 feet in areas where the aquifer is both overlain and underlain by a confining unit. 

The hydraulic conductivity of the middle drift aquifer ranges from 50 to 500 feet per day. The lower 

drift confiningomit ranges from 0 to about 50 feet in thickness. Model-computed vertical hydraulic 

conductivities for both the upper and lower drift confining imits range from 0.0002 to 0.2 feet per day. 

The lower drift aquifer consists of discontinuous sand and gravel deposits overlying Platteville 

Limestone bedrock and has a maximum thickness of about 20 feet. 

The drift is underlain by two subcropping bedrock aquifers, the Platteville and the St. Peter. 

The Platteville aquifer and underlying Glenwood Shale confining unit have been dissected by 

bedrock valleys in some places and the valleys are filled with drift material. 



In the study area water in the drift aquifers and in the Platteville aquifer generally flows from 

the northwest to the southeast under a hydraulic gradient of about 10 feet per mUe. The drift 

confining units, and the Glenwood Shale confining unit, when present, control the vertical movement 

of water through the aquifers. Discontinuities in these confining units greatly influence patterns of 

ground-water flow. Ground-water flow between aquifers is much greater in areas where the 

confining units is absent, such as in bedrock valleys. 

A numerical cross-section ground-water-flow model was used to test hydrologic concepts of 

flow through the drift aquifers and the Platteville aquifer, particularly the effects of confining units 

and bedrock valleys on vertical flow. The model has eight layers representing, in descending order: 

(1) the upper drift aquifer, (2) the upper drift confining unit, (3) the middle drift aquifer, (4) the lower 

drift confining unit, (5) the lower drift aquifer, (6) the Platteville aquifer, (7) the St. Peter aquifer, and 

(8) the Prairie du Chien-Jordan aquifer. 

Hydraulic heads measured in the drift aquifers and in the Platteville and St. Peter aquifers 

during December 1987 were used to calibrate the model for steady-state conditions and to specify 

heads at the model botmdaries. The model-calculated hydraulic heads generally were within 0.2 feet 

of measured hydraulic heads in wells located along the cross-section. A sensitivity analysis indicated 

that hydraulic heads in the drift aquifers and in the Platteville aquifer were most sensitive to 

variations in: (1) the horizontal hydraulic conductivities of the middle drift aquifer, (2) the 

transmissivities of the Platteville and St. Peter aquifers, (3) the vertical hydraulic conductivities of the 

lower drift confining unit and the drift material filling the bedrock vaUey, and (4) the vertical 

hydraulic conductivity of the basal St. Peter confining unit. 
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A wata- budget calculated using an 8-layer computer model showed that recharge from 

infiltration of precipitation to the upper and middle drift aquifers accounts for about 41 percent of the 

total sources of water. The remaining 59 percent is from subsurfa:ce inflow from the west (through 

specified-head cells). About 70 percent of the outflow from the eastern model boundary was 

simulated as discharge from the layers representing the Platteville and St. Peter aquifers. The 

calibrated simulation indicated that about 99 percent of the total leakage of water from the drift 

aquifers and from the Platteville aquifer to the tmderlying St. Peter aquifer occurs through areas 

where the Glenwood Shale confining unit is absent or discontinuous. 

Hypothetical changes of the hydraulic properties and the extent of confining units were 

simulated using the calibrated steady-state model. Increasing the vertical hydraulic conductivity of 

the lower drift confining unit by a factor of 100 in the western part of the cross-section resulted in: (1) 

a 0.8 and 0.5 foot mean decline in model-calculated hydraulic heads in the overlying upper drift and 

middle drift aquifers, respectively, (2) a 0.4 to 0.6 foot mean rise in model-calculated hydraulic heads 

in the underlying lower drift, Platteville, and St. Peter aquifers, and (3) decreased leakage to the St. 

Peter aquifer through the bedrock valley in the eastern part of the cross-section model. A 

hypothetical extension of the Glenwood Shale confining unit along the entire cross-section model 

resulted in: (1) mean rises in model-calculated hydraulic heads in the drift aquifers and in the 

Platteville aquifer ranging from 0.7 feet in the upper drift aquifer to 1.3 feet in the lower drift and 

Platteville aquifers, and (2) a 98 percent reduction in the amount of water leaking from the Platteville 

aquifer to the imderlying St. Peter aquifer. 
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A contamination plume consisting of coal-tar derivatives exists in the drift aquifers and in the 

Platteville aquifer imderljting the southern part of the plant site and areas to the south and east of the 

plant site. Model simulations indicate that vertical groimd-water flow from the drift aquifers and 

from the Platteville aquifer to underlying bedrock aquifers is greatest through bedrock valleys. The 

convergence of flow paths near bedrock valleys and the greater volume of water moving through the 

valleys would likely result in both elevated concentrations and greater vertical movement of 

contaminants in these areas. 

INTRODUCTION 

Ground-water contaminants from a coal-tar distillation and wood-preserving plant (hereinafter 

referred to as the plant site) that operated from 1918-72 have degraded the quality of water in several 

aquifers in the vicinity of St. Louis Park, Hennepin Coimty, Minnesota (Hult and Schoenberg, 1984) 

(fig. 1). Water in aquifers in the drift and in the Platteville Limestone has been contaminated by coal-

tar derivatives, a complex mixture of more that 1,000 compounds. The contaminants percolated 

down to the water table from ponds and wetlands that received nm-o£f and process-water from the 

plant. The hydrocarbon-fluid phase, which is an undissolved liquid mixture of many individual coal-

tar compounds, has moved vertically downward because it is denser than water. Contaminants 

dissolved in the groxmd water also have moved laterally within the drift to the southeast and down 

into the imderlying bedrock aquifer (Platteville aquifer). Locally, contaminants have reached another 

bedrock aquifer (St. Peter aquifer) through bedrock valleys where the overlying confining unit 

(Glenwood Shale confiiung unit) has been removed by erosion. 

FIGURE 1.~NEAR HERE. 
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Figure 1.-Location of study area 
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t The U.S. Geological Survey (USGS), in cooperation with the Minnesota Department of Health 

(MDH), began a study in 1978 to develop a detailed understanding of the transport of coal-tar 

derivatives through the ground-water system in the St. Louis Park area (Hult and Schoenberg, 1984). 

The USGS, in cooperation with the Minnesota Pollution Control Agency (MPCA), began a study in 

1983 to construct, calibrate, test, and apply a numerical model that simulates ground-water flow in 

the St. Peter and Prairie du Chien-Jordan aquifers in the St. Louis Park area to study the movement of 

coal-tar derivatives in these aquifers (Stark and Hult, 1985). The USGS, in cooperation with the U.S. 

Environmental Protection Agency, began a study in 1987 to: (1) evaluate the direction and rate of 

movement of ground water in the St. Peter aquifer under past and current (1987) pumping conditions 

and under proposed gradient-control conditions and (2) develop a better imderstanding of 

hydrogeology and grotmd-water flow in the drift aquifers and in the PlatteviUe aquifer. Lorenz and 

Stark (1990) addressed the first objective by describing groimd-water flow in the St. Peter aquifer and 

the effects of proposed pumping scenarios. The second objective will be addressed in this report. 

Previous studies completed by the U.S. Geological Survey have dealt primarily with 

understanding groimd-water flow and contaminant transport in the St. Peter and Prairie du Chien-

Jordan aquifers and in evaluating possible options for remedial actions in those aquifers. Recent 

activities by local. State, and Federal regulators include the evaluation of monitoring and remedial 

actions in the drift aquifers and in the PlatteviUe aquifer. The aquifer system, which consists of the 

drift aquifers (upper, middle, and lower), the confining uruts (upper and lower), and the PlattevUle 

aquifer, is hereinafter referred to as the drift and PlatteviUe aquifer system. Because the stratigraphy 

and ground-water flow in the drift and PlatteviUe aquifer system are complex, a better imderstanding 

of ground-water flow is essential to evaluate plans for additional monitoring and for implementation 

of gradient-control measures in the aquifers. 
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Purpose and Scope 

This report describes the hydrogeology and ground-water flow in the drift and Platteville 

aquifer system near the plant site in St. Louis Park, Hennepin Coimty, Minnesota (fig. 1). 

Hydrogeologic units underl)dng the drift aquifers and the Platteville aquifer are discussed only to the 

extent necessary to describe ground-water flow in the drift and Platteville aquifer system. A 

numerical ground-water-flow model was constructed and calibrated for steady-state conditions to 

represent a cross-section through the study area. The model was used to test hydrologic concepts of 

flow through the drift and PlatteviQe aquifer system and to investigate the effects of changes in 

hydraulic properties and fluxes on hydraulic heads and ground-water flow. 

Pr^vigg? |nY^$tjgqtiQn$ 

Numerous studies have been made of the drift and Plattevflle aquifer system hydrogeology and 

the contamination problems in St. Louis Park. In 1933, McCarthy Well Company concluded that 

contamination was coming from the plant site through "several old wells being used to drain creosote 

away into the ground" (Stark and Hult, 1985, pg. 6). The MDH (1938) identified nine wells in the area 

containing water with either a phenolic or tar-Uke taste. In 1946, the concentration of phenolic 

compounds in water from St. Louis Park well 4, located southeast of the plant site and completed in 

the Prairie du Chien-Jordan aquifer, was 0.1 mg/L (Hickok, 1969). Hickok (1969) reported that 

measurements made in 1969 indicated possible contamination of other wells and suggested 

additional studies be made to better evaluate the contamination problem. 

00 y rnva\ bv Director, 
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A study by Sunde (1974) concluded that contamination of the St. Peter and Prairie du Chien-

Jordan bedrock aquifers resulted from flow of contaminated water through wells connecting more 

than one aquifer. The MDH (1974) reported on the quality of water from private and mimidpal wells 

in the St. Louis Park area. A compilation of geological information on the St. Louis Park area was 

completed by Olson and others (1974). National Biocentric (1976a; 1976b) analyzed drift deposits 

underlying the northern part of the plant site for organic contaminants. 

Barr Engineering Co. (1976 and 1977) installed 3 piezometers and 14 drift and 2 bedrock 

monitoring weUs. Cores from 14 borings were analyzed for phenolic and benzene-extractable 

compounds. Based on analyses of these cores Barr Engineering Co. estimated that removal of the 

drift, which was contaminated with more than 1,000 milligrams per kilogram of benzene-extractable 

constituents, would require excavation of 400,000 cubic yards of soil (1976). Water samples in the 

drift were analyzed for phenolic compoimds, oil and grease, and selected inorganic constituents. 

Water in the drift was foimd to be contaminated at least 1,000 feet from the plant site. Specific 

remedial actions were recommended by Barr Engineering Co. to control ground-water contamination 

in the drift. Barr Engineering Co. (1977) concluded that the source of the low, but detectable, levels of 

phenolic compoimds in the municipal wells completed in the Prairie du Chien-Jordan aquifer could 

not be determined from the available data. The MDH (1977 and 1978) measured the concentrations of 

polynuclear aromatic hydrocarbons (PAH) in municipal water supplies, assessed the health-risk 

implications, and outlined additional data needs. 
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Hult and Schoenberg (1984) conducted a preliminary evaluation of ground-water 

contamination by coal-tar derivatives in the St. Louis Park area. At least 25 imgrouted or partly cased 

weUs in the area were considered by Hult and Schoenberg to possibly permit contaminated water 

from near-surface aquifers to flow into deeper bedrock aquifers along or through the well bores 

(1984). Flow rates of 20 to 150 gal/min from the Platteville and St. Peter aquifers to the Prairie du 

Chien-Jordan aquifer were measured in five wells. The water was contaminated in four of the five 

wells. Dissolved coal-tar constituents in the drift and the Platteville aquifer system had moved at 

least 4,000 feet downgradient to a drift-filled bedrock valley. Contaminated water with a 

concentration of approximately 2 mg/L dissolved organic carbon was entering the underlying St. 

Peter aquifer. Chemical analyses of water pumped from observation weUs indicated soluble, low-

molecular-weight compounds were moving preferentially through the drift and Platteville aquifer 

system. 

17 



Stark and Hult (1985) developed a numerical three-dimensional ground-water-flow model of 

the Prairie du Chien-Jordan aquifer and overlying hydrogeologic units, including glacial deposits in 

bedrock valleys, the St. Peter Sandstone aquifer, and the basal confining unit of the St. Peter 

Sandstone, in the St. Louis Park area. The model was used to evaluate the movement of coal-tar 

derivatives from the plant site. The model was also used to investigate the effects of cones of 

impression (locally persistent mounds in the potentiometric surface near weUs) created by water 

introduced into the Prairie du Chien-Jordan aquifer through wells open to more than one aquifer. 

The simulations indicated that cones of impression could have a significant effect on the transport of 

contaminants in the Prairie du Chien-Jordan aquifer. The simulations also were used to investigate 

the response of hydraulic heads in the Prairie du Chien-Jordan aquifer to pumping from wells located 

upgradient from the plant site. Stark and Hult concluded that local hydraulic gradients would be 

altered to the extent that contaminants would move from the area of the plant site to these wells 

(1985). Simulations of a gradient-control plan using 5 discharge weUs indicated that the actions 

would be effective in limiting the extent of the contaminated plume in the Prairie du Chien-Jordan 

aquifer. The model-calculated hydraulic heads, however, were sensitive to changes in withdrawal 

rates at weUs not intended to be imder the control of the plan. Management of discharge from these 

weUs also would be important to the overall effectiveness of the remedial-action plan. 

OO NOT ya\ by 0"®''*°'' 
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Lorenz and Stark (1990) used a numerical model of ground-water flow to: (1) simulate ground­

water flow in the Prairie du Chien-Jordan and St. Peter aquifers in St. Louis Park, Minnesota, (2) test 

hypotheses about the movement of ground water contaminated with coal-tar derivatives, and (3) 

simulate alternatives for reducing the downgradient movement of contamination in the St. Peter 

aquifer. The model also was used to simulate the effects of multiaquifer wells open to both the St. 

Peter and Prairie du Qiien-Jordan aquifers. The simulations indicated that sustained pumping from 

these multiaquifer weUs would cause cones of depression in both aquifers and could limit the 

downgradient migration of contaminants in the St. Peter aquifer and in the Prairie du Chien-Jordan 

aquifer. Model simulations also indicated that areal differences in vertical leakage to the St. Peter 

aquifer, which may exist in bedrock valleys, are not likely to significantly affect the general patterns of 

ground-water flow. 

AcKnQWIgdgmgnt? 
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HYDROGEOLOGY OF STUDY AREA 

During the Pleistocene Epoch four continental glaciers covered the bedrock surface in east-

central Minnesota with drift. The thickness of the drift in the study area ranges from about 70 feet, 

under the plant site, to about 125 feet, in bedrock valleys. The vertical and horizontal distribution of 

aquifers and confining units within the drift is highly variable and complex. Hydrogeologic units in 

the drift defined for this study are shown in table 1. 

TABLE 1.-NEAR HERE. 
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Table 1 .-Geologic and water-bearing characteristics of hydrogeoiogic units 
[Modified from Stark and Huit (1985)] 

Geologic unit 

Approximate 
range in 

thickness (feet) Geologic characteristics Water-bearing characteristics 

Hydrogeoiogic 
units defined for 

this study 
All drift units 

Glacial drift 70-125 Undifferentiated over most of the St. Louis Park 
area. Till, outwash and valley train sand and gravel, 
lake deposits and alluvium; vertical and horizontal 
distribution of units is complex. 

Distribution of aquifers and confining beds within 
the drift is poorly known outside the area of the plant 
site. Stratified, well-sorted deposits of sand and 
gravel yield moderate to large supplies of water to 
wells (240-2,000 gallons per minute). 

Individual drift units 
Upper drift 
peat, sand, and 
gravel 

Upper drift clay 
and till 

Middle drift 
sand and gravel 

Lower drift clay 
and till 

0-25 Includes peat underlying lowland areas and sand and 
gravel underlying upland areas. Generally absent 
northwest and southeast of plant site. 

0-62 Includes lake sediments, clay, till, and sandy till. 
Generally present in a hand about 0.5 to 1.5 miles 
wide trending from northwest to southeast near the 
plant site. 

5-80 Medium-to-coarse sand and fine gravel, silty sand. 

0-50 Includes clay, till, and sandy till. 

Horizontal hydraulic conductivity of peat ranges Upper drift 
from less than I to about 25 feet per day at depths aquifer 
greater than I-foot below land surface and decreases 
with increasing depth. Horizontal hydraulic 
conductivity of aquifer in sand and gravel areas 
ranges from 50 to 400 feet per day based on grain 
size. 
Vertical hydraulic conductivity ranges from 0.00004 Upper drift 
to 0.2 feet per day. confining unit 

Horizontal hydraulic conductivity ranges from 50 to Middle drift 
500 feet per day based on grain size. Transmissivity aquifer 
near plant site is about 10,000 feet squared per day. 
Vertical hydraulic conductivity ranges from 0.00004 Lower drift 
to 0.2 feet per day. confining unit 
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Table 1.--Geologic and water-bearing characteristics of hydrogeologic units-Continued 

Geologic unit 

Approximate 
range in 

thickness (feet) Geologic characteristics Water-bearing characteristics 

Hydrogeologic 
units defined for 

this suidy 
Lower drift 0-20 Medium-to-coarse sand and fine gravel, weathered 
sand and gravel limestone and gravel rubble. Generally present in a 

noithwest-to-southeast trending band about 0.3 to 1.0 
mile wide transecting the plant site, and generally 
absent outside this band. 

Horizontal hydraulic conductivity ranges from 100 to Lower drift 
500 feet per day based on grain size. aquifer 

Bedrock units 
Decorah Shale 

Platteville 
Limestone 

Glcnwood Shale 

0-95 Shale, bluish-green to bluish-gray, blocky. Locally 
present in southern part of Hennepin County. 

0-30 Dolomitic limestone and dolomite, gray to buff, thin 
to medium bedded, some shale partings contain sand 
and gravel of glacial origin. Solution channels and 
fractures are concentrated in upper part. Dissected by 
erosion. 

0-15 Shale and claystonc, green to buff, plastic to slightly 
hssile, lower 3 to 5 feet grade from claystone with 
disseminated sand grains to sandstone with clay 
matrix. Dissected by erosion. 

Confining bed.Vertical hydraulic conductivity 
estimated to be as low as O.OOfXXll feet per day. 
Hydraulic conductivity primarily from fractures, 
Platteville open joints, and solution channels. 
Specific aquifer capacities of wells generally are 
between 10 and lOO gallons per minute per foot of 
drawdown, if pumped at about 12 gallons per minute 
for 1 hour. Results from one aquifer test indicate the 
transmissivity of the unit is about 9,000 feet squared 
per day. 
Very low hydraulic conductivity. Vertical hydraulic 
conductivity is estimated to be about 0.00001 feet 
per day based on laboratory measurements of core 
samples. 

Platteville aquifer 

Glenwood Shale 
confining unit 

St. Peter 
Sandstone 

PROVISIONAL DRAFT 
' Subject to Revision 

DO NOT QUOTE OR RELEASE 
Pending Approval by Director, 

U. 8. Geoiogicai Survey 

0-200 Sandstone, white to yellow, very well sorted, very 
fine- to medium-grained, poorly cemented, 
quartzose. Lower 5 to 65 feet consist of siltstone and 
shale. Generally present in most of the southern two- Reported vertical hydraulic conductivity of basal 
thirds of Hennepin County. Locally absent due to confining unit as low as 0.000001 feet per day. 
erosion. 

St. Peter aquifer 

Basal St. Peter 
confining unit 



Table 1.-Geologic and water-bearing characteristics of hydrogeologic units-Continued 

Geologic unit 

Approximate 
range in 

thickness (feet) Geologic characteristics Water-bearing characteristics 

Hydrogeologic 
units defined for 

this study 

hi 

Prairie du Chien 
Group 

Jordan 
Sandstone 

St. Lawrence 
and Franconia 
Formations 

0-170 

0-130 

150-250 

Dolomite, sandstone, sandy dolomite, light Chien 
Group brown, buff, gray; thinly to thickly bedded. 
Locally absent due to erosion. 

Hydraulic conductivity is due to fractures, open 
joints, and solution channels. Generally yields more 
than 1,000 gallons per minute to high-capacity wells. 

Sandstone, white to pink, fine- to coarse-grained, 
moderately well cemented, quartzose to dolomic. 
Locally absent due to erosion. 

Hydraulic conductivity is mostly inteigranular but 
may be due to open Joints in cemented zones. 

Generally yields more than 1,000 gallons per minute 
to high-capacity wells. Supplies about 80 percent of 
ground water pumped in the Twin Cities 
Meb'opolitan Area. 

Siltstone and sandstone, gray to green, poorly sorted. Confining bed. Vertical hydraulic conductivity 
glauconitic, and dolomitic. ranges from 0.2 to 0.001 feet per day. 

Prairie du Chien-
Jordan aquifer 

SL Lawrence-
Franconia 

confining unit 
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The study area is underlain by a thick sequence of sedimentary rocks (as much as 1,000 ft), 

ranging in geologic age from the Precambrian Period to the Ordovidan Period. The sedimentary 

rocks were deposited in a north-south trending trough in the Precambrian rock surface. The deepest 

part of the trough, commonly referred to as the Twin Qties Artesian Basin, lies directly beneath the 

Twin Cities Metropolitan Area. The sedimentary rocks in the basin, with the exception of the 

Hinckley Sandstone (Precambrian Period), were deposited in Cambrian and Ordovidan seas. The 

rock record is absent from the Middle Ordovidan Period to the Quaternary Period. The bedrock 

surface in the study area is disseded by valleys that were formed either from the Middle Ordovidan 

Period to the Quaternary Period or during the intergladal periods (Norvitch and others, 1974) (fig. 2). 

Descriptions of the bedrock and hydrogeologic units discussed in this report and their positions in 

the geologic column are shown in table 1. 

FIGURE 2.--NEAR HERE. 
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Figure 2.-Map showing trace of hydrogeologic sections and location of plant site, bedrock 

valleys, and peat areas 
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HY<JrQq?Q|pqiQ Unit? 

The detailed stratigraphy of the drift is complex. Barr Engineering Co. (1976,1977) and Hvilt 

and Schoenberg (1984) identified three areaUy persistent units of hydrogeologic significance: (1) the 

middle drift aquifer of glacial sand and gravel; (2) the upper drift confining unit, an overlying 

confining bed of lake deposits and till; and (3) an imderlying basal drift complex of till, outwash, 

valley-fiU deposits, and deeply weathered bedrock. Hult and Schoenberg (1984) described a fourth 

unit, the upper drift aquifer, as being poorly defined and discontinuous in the study area. 

Three aquifers and two confining units were delineated in this study. The vertical distribution 

of aquifers and confining units is illustrated for two hydrogeologic sections (fig. 3). The drift aquifers 

defined in the study area are the upper drift, middle drift, and lower drift aquifers. The term 

combined drift aquifer refers to the areas where drift confining units are absent (fig. 3). The drift 

confining units defined in the study area are the upper drift confining unit and the lower drift 

confining unit. The upper drift aquifer, middle drift aquifer, and upper drift confining unit discussed 

in this report correspond to hydrogeologic units identified by Barr Engineering Co. (1976,1977) and 

Hult and Schoenberg (1984). The lower drift confining unit and lower drift aquifer defined in this 

report comprise the basal drift complex identified in those two reports. 

FIGURE 3.-NEAR HERE. 
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Figure 3.—Hydrogeologic sections showing hydrogeologic units 
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The upper drift aquifer ranges in composition from peat, underlying the plant site and the area 

to the south near Minnehaha Creek, to sand and gravel, underlying most of the study area (fig. 4). 

The aquifer generally is absent northwest of the plant site and in the southeast part of the study area 

where till is present at the land surface. The aquifer is under water-table (imconfined) conditions 

throughout the study area. At some locations the surficial sand and gravel is unsaturated (fig. 4). The 

saturated thickness of the upper drift aquifer ranges from zero to 25 ft (fig. 4). Based on the grain-size 

distribution, the hydraulic conductivity of the aquifer in areas of sand and gravel ranges from about 

50 to 400 ft/d. Hydraulic conductivity values for peat decrease with increasing depth below the land 

surface. Reported values range from less than 1 to about 25 ft/d at depths greater than about 1 ft. 

Furthermore, the vertical hydraulic conductivity of peat generally is considered to be much less (by 

orders of magnitude) than the horizontal hydraulic conductivity (Tom GuUett, Minnesota 

Department of Natural Resources, written commun., 1990). 

FIGURE 4.--NEAR HERE. 
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Figure 4.-Map showing saturated thickness of upper drift aquifer 
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4 ^ The upper drift aquifer is underlain by the upper drift confining unit, a discontinuous confining 

bed composed of lake deposits, silty to sandy clay, and tUl. The upper drift aquifer is continuous with 

the underlying middle drift aquifer where the upper drift confining unit is absent. The upper drift 

confining unit generally is present in a band about 0.5- to 1.5-miles wide trending from the northwest 

to the southeast in the study area and imderlies aU but the southeast comer of the plant site (fig. 5). 

The thickness of the confining unit generally is less than 20 ft, but is as much as 62 ft where it is 

present at the land surface. Norvitch and others (1974) give values of vertical hydraulic conductivity 

for clays and till with varying amounts of sand ranging from 0.00004 to 0.2 ft/d. Hult and 

Schoenberg (1984) report that till has a vertical hydraulic conductivity as low as 0.0009 ft/d near the 

plant site. 

FIGURE 5.~NEAR HERE. 
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Figure 5.—Map showing thickness of upper drift confining unit 

4 

Subieot RELEASE 

30 



i 

4 

The saturated thickness of the middle drift aquifer ranges from about 5 ft to about 80 ft (fig. 6). 

Sand and gravel extends from land surface to the base of the middle drift aquifer where the upper 

drift confming unit is absent (figs. 4 and 5). The greatest saturated thicknesses are south and east of 

the plant site where the middle drift aquifer is imder unconfined conditions. The aquifer is under 

confined conditions in a northwest-to-southeast trending band where the upper drift confining unit is 

present. The aquifer is under unconfined conditions to the south and east where the overlying upper 

drift confining unit is absent. The saturated thickness generally is about 20 to 30 ft in areas where the 

aquifer is both overlain and underlain by a confining unit. The composition of the aquifer varies from 

silty sand to mediixm-to-coarse grained sand and fine gravel. Hult and Schoenberg (1984) report the 

middle drift aquifer has a transmissivity as high as about 10,000 ft^/d. Based on the grain-size 

distribution, the hydraulic conductivity of the aquifer ranges from about 50 to 500 ft/d. 

FIGURE 6.-NEAR HERE. 
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Figure 6.—Map showing saturated thickness of middle drift aquifer 
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The middle drift aquifer is underlain by the basal drift complex, which consists of tUl, outwash, 

valley-fill deposits, and deeply weathered bedrock.The basal drift complex can be partitioned into: 

(1) an upper imit that is predominantly sandy to silty clay and till, hereinafter referred to as the lower 

drift confining unit; and (2) a lower unit that consists of discontinuous sand and gravel deposits 

overl)dng the PlatteviUe Limestone bedrock, hereinafter referred to as the lower drift aquifer. The 

thickness of the lower drift confining unit ranges from 0 to 50 ft where the underlying lower drift 

aquifer is present (fig. 7). The lower drift confining unit generally is about 5- to 20-ft thick in the 

central part of the study area near the plant site. At some locations (imderlying the plant site on 

section A-A', fig. 3) sand and gravel extends from the base of the upper drift confining unit to the 

bedrock surface. At places where both the upper and lower drift confining units are absent, sand and 

gravel extends from the land surface to the bedrock surface. Continuous sequences of sand and 

gravel extending from land surface, or from the base of the upper drift confining unit to the bedrock, 

do not cover continuous areas of mappable size. 

FIGURE 7.-NEAR HERE. 
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Figure 7.—Map showing thickness of lower drift confining unit 
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The saturated thickness of the lower drift aquifer ranges from 0 to about 20 ft, where it is 

overlain by the lower drift confining unit. (fig. 8). The lower drift aquifer generally is present in a 

northwest-to-southeast trending band (about 0.3 to 1.0 mile wide) transecting the plant site and 

generally absent outside this band (fig. 8). The lower drift aquifer generally is under confined 

conditions, except at those sites where both the upper and lower drift confining units are absent. The 

combination of the middle and lower drift aquifers is as much as 69-ft thick at sites where the lower 

drift confining unit is absent and the middle and lower drift aquifers are continuous (fig. 8). The 

lower drift aquifer is composed of medium-to-coarse grained sand and fine gravel. Locally, the 

gravel includes weathered limestone rubble and coarse gravel. The hydraulic conductivity of the 

lower drift aquifer ranges from about 100 to 500 ft/d, based on the grain-size distribution. 

FIGURE 8.--NEAR HERE. 
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Figure 8.-Map showing thickness of lower drift aquifer 
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Previoiis studies conducted in the Twin Qties Metropolitan Area have combined the Decorah 

Shale, Platteville Limestone, and Glenwood Shale into a single regional confining unit (Guswa, 

Siegel, and Gillies, 1982; Stark and Hult, 1985; Schoenberg, 1990; Lindgren, 1990). Locally, however, 

the Platteville Limestone yields small to moderate supplies of water to wells; therefore, it is classified 

as an aquifer for the purposes of this study. The Platteville aquifer underlies the drift over most of the 

study area. The PlatteviUe aquifer and imderlying Glenwood Shade confining unit are dissected by 

bedrock valleys in the central and southeastern parts of the study area (fig. 2), where the drift is 

underlain by the St. Peter aquifer (Olsen and Bloomgren, 1989). Olson and others (1974) suggested 

the bedrock valleys in the St. Louis Park area were formed during glacial periods by streams that 

formed in front of the gladal margin (progladal streams). Valleys possibly eroded by pregladal or 

progladal streams also may have been substantially modified by plucking and abrasion beneath the 

gladers (Hult and Schoenberg, 1984). 
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The Platteville aquifer is a gray to buff, thin-to-medium bedded dolomitic limestone and 

dolomite with some shale partings, and ranges from 0- to about 30-ft thick in the study area (fig. 9). 

The aquifer is imder confined conditions, except in areas where both the upper drift and lower drift 

confining units are absent (section A-A', fig. 3). Ground-water flow in the Platteville aquifer 

primarily is through fractures, open joints, and solution channels. Fractures and solution channels 

are concentrated in the upper part of the aquifer.Spedfic capacities of weUs completed in the aquifer 

generally are between 10 and 100 gallons per minute per foot of drawdown (Stark and Hult, 

1985).Results from one aquifer test indicate the transmissivity of the aquifer is about 9,000 ft^/d (Stark 

and Hult, 1985). Rocks with secondary solution cavity and fracture permeability, such as the 

Platteville aquifer, often have heterogeneous hydraulic properties that differ widely within the 

aquifer.Liesch (1973) has documented large local differences in the transmissivity and storage 

coefficient of the Platteville aquifer near Minnehaha Creek in Minneapolis. Hult and Schoenberg 

(1984), however, state that short-term pumping tests indicate the hydraulic characteristics of the 

Platteville aquifer, particularly transmissivity, are reasonably uniform in the St. Louis Park area. 

FIGURE 9.~NEAR HERE. 
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Figure 9.—Map showing thickness of Platteville aquifer 
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The Platteville aquifer is underlain by the Glenwood Shale confiningunit, a green to buff, plastic 

to slightly fissile shale and claystone. The Glenwood Shale confining unit was dissected by erosion 

and is discontinuous in the study area, ranging from 0 to about 15 ft in thickness. Because commonly 

it is not recorded in water-well logs, detailed information about the uiuf s thickness and the location 

of possible discontinuities is lacking, particularly near the bedrock valleys. The confining unit, where 

present, impedes the flow of ground water between the Platteville aquifer and the underlying St. 

Peter aquifer. The vertical hydraulic conductivity of the confining unit is estimated to be about 

10"'°ft/s (9 X IQ-^ft/d), based on laboratory measurements of core samples (Hult and Schoenberg, 

1984). 

The St. Peter aquifer is a white to yeUow, fine-to medium-grained, weU-sorted, friable 

sandstone. Near the plant site the St. Peter aquifer is about 125-ft thick. The aquifer is imder confined 

conditions. Norvitch and others (1974) report hydraulic conductivities for the St. Peter aquifer 

ranging from about 1 to 25 ft/d. Stark and Hult (1985) report a hydraulic conductivity of 20 ft/d for 

the St. Peter aquifer in the St. Louis Park area. 

The base of the St. Peter Sandstone generally consists of 5 to 65 ft of siltstone and shale. This 

low-permeability bed is referred to as the basal St. Peter confining unit. It acts as a confining unit 

within the ground-water-flow system. The basal St. Peter confining unit impedes the flow of ground 

water between the St. Peter aquifer and the underlying Prairie du Chien-Jordan aquifer. Stark and 

Hult (1985) report a vertical hydraulic conductivity of 0.0009 ft/d for the basal St. Peter confining unit 

in the St. Louis Park area. Norvitch and others (1974) report vertical hydraulic conductivities as low 

as 10"^ ft/d for the basal St. Peter confining unit in the Twin Qties Metropolitan Area. 
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GROUND-WATER FLOW 

Water in the drift aquifers and in the Platteville aquifer generally flows from west to east across 

the study area under a hydraulic gradient of about 10 ft/mi (figs. 10 and 11). Southeast of the plant 

site water in the drift and Platteville aquifa system generally flows from the northwest to the 

southeast. Water in the imderljdng St. Peter and Prairie du Chien-Jordan aquifers also generally 

flows from west to east across the study area, with a northwest to southeast component of flow 

southeast of the plant site. The potentiometric surface of the upper and the middle drift aquifers (fig. 

10) represents a composite of the hydraulic heads in both aquifers. Hydraulic heads in the two 

aquifers are similar at any given location in the study area generally (within about 0.1 ft). Combining 

the available data gives a more complete representation of the potentiometric surface because 

available data in each aquifer unit is limited. The directions of ground-water flow and hydraulic 

gradients of the upper drift aquifer, the middle drift aquifer, and the Platteville aquifer are similar 

(Hult and Schoenberg, 1984). Available water-level measurements indicate that hydrauUc heads in 

the lower drift aquifer are similar (within 0.1 ft) to those in the Platteville aquifer at the same location. 

FIGURE 10.-NEAR HERE. 
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Figure lO.-Map showing composite potentiometric surface of the upper and middle drift 

aquifers, December 1987 
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Figure 11.-Map showing potentiometric surface of the Platteville aquifer, December 1987 
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Sources of water to the drift and Platteville aquifer system in the study area are infiltration from 

precipitation and groimd-water inflow to the drift and Platteville aquifers from the west. Norvitch 

and others (1974) estimated that the mean recharge to the water table, calculated as precipitation 

minus evapotranspiration, is 6.4 in/yr in the Twin Qties Metropolitan Area. Helgeson and Lindhohn 

(1977) estimated recharge to the imconfined drift aquifer underlying the Anoka Sand Plain in the 

northern part of the Twin Qties Metropolitan Area to be 11.1 in/yr, based on hydrograph analysis. 

The amount of groimd-water inflow to the drift and Platteville aquifer system in the study area is not 

known because of a lack of data beyond the immediate area of the plant site. 

Sources of discharge from the drift and Platteville aquifer system in the study area are (1) 

groimd-water outflow from the drift and Platteville aquifers to the east, (2) groimd-water discharge 

to surface-water bodies, (3) ground-water evapotranspiration, (4) ground-water withdrawals by 

weUs, and (5) downward leakage to the underl)dng St. Peter aquifer. The amount of ground-water 

outflow from the drift and Platteville aquifer system through the eastern study-area boundary is not 

known because of a lack of data beyond the immediate area of the plant site. 

Ground water from the upper drift aquifer discharges to Minnehaha Qeek, and ground water 

from both the upper drift and deeper aquifers discharges to the lakes near the eastern boundary of 

the study area. Low-flow discharge measurements in November 1978, at four locations on 

Minnehaha Q«ek, indicated discharges of 10.9,11.7,14.1, and 12.8 ft^/s (Hult and Schoenberg, 1984). 

The observed differences in streamflow between measuring points represent net gains or losses of the 

stream from or to the ground-water system. A portion of each observed difference (as much as 5 

jjercent of measured streamflows) may be due to measurement errors. The amount of ground-water 

discharge to the lakes is not known. 
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Discharge from the drift and PlattevUle aquifer system by groimd-water evapotranspiration 

occurs by direct evaporation of water from the water table where the water table is at or near the land 

surface, and transpiration by plants where the water table is within the rooting depth of plants 

(usually less than about 10 ft). The amoimt of groimd-water evapotranspiration in the study area is 

not known, but may be significant in the bog areas where the water table is near the land surface. 

Discharge of groimd water by withdrawals from wells in the study area is considered 

negligible. Prior to 1988, no large-capacity weUs withdrew water from the drift and Platteville 

aquifer system. Beginning in 1988, remedial measures were begun to capture and control the spread 

of contaminated groimd water in the drift and Platteville aquifer system, with gradient-control wells 

withdrawing ground water from the drift and Platteville aquifers. Otherwise, no high-capacity wells 

are known to obtain water supplies from the drift and Platteville aquifer system in the study area. 

The amount of water lost from the drift and Platteville aquifer system by the downward leakage of 

water to the underlying St. Peter aquifer is not known. 
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Horizontal and vertical directions of flow in the drift and PlatteviUe aquifer system may be 

illustrated using hydrogeologic sections and equipotential lines (fig. 12). The directions of ground­

water flow in the drift and PlatteviUe aquifer system are perpendicular to the equipotential Unes, as 

shown in fig. 12. Ground-water flow is predominandy horizontal in aquifers, as indicated by small 

variations in hydraluic head vertically within aquifer units. Vertical differences in hydraulic head 

within the middle drift aquifer generally are less than 0.03 ft and flow within the aquifer is primarUy 

horizontal. Ground-water flow in confining units has a substantial vertical component. The 

difference in hydraulic heads between the top and bottom of the basal drift complex, comprised of the 

lower drift confining unit and the lower drift aquifer, ranges from about 0.15 ft to about 0.60 ft, with 

heads decreasing with increasing depth. The relatively large vertical gradients indicate the vertical 

leakage of water out of the middle drift aquifer downward through the basal drift complex. 

Hydraulic head differences within the PlatteviUe aquifer are not weU known because of limited data, 

but Hult and Schoenberg (1984) indicate that significant vertical gradients may exist within the 

aquifer. 

FIGURE 12.--NEAR HERE. 
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Figure 12.—Hydrogeolog;ic section showing hydraulic heads in December 1987, equipotential 

lines, and direction of ground-water flow 
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The confining units control the vertical movement of water through the drift and Platteville 

aquifer system. Water leaks downward (1) from the upper drift aquifer to the middle drift aquifer 

through the upper drift confining imit, (2) from the middle drift aquifer to the lower drift aquifer or 

the Platteville aquifer through the lower drift confining unit, and (3) from the Platteville aquifer to the 

St. Peter aquifer through the Glenwood Shale confining unit. The amount of leakage depends on the 

vertical hydraulic conductivity and thickness of the confining unit, and the difference in hydraulic 

heads between the aqvdfers. Discontinuities in the confining units affect vertical flow in the drift and 

Platteville aquifer system. The absence of low-permeability material separating aquifer units allows 

for relatively unimpeded downward leakage of water. Therefore, discontinuities in confining units 

may serve as preferential pathways for grotmd-water flow. 

Winter and Pfannkuch (1976) discussed the hydrogeologic significance of drift-fiUed bedrock 

valleys in the Twin Gties Metropolitan Area. They suggested that many of these bedrock valleys may 

be filled with coarse-grained deposits and could provide preferential pathways for ground-water 

flow and for the movement of contaminants. The Platteville aquifer and Glenwood Shale confining 

unit have been removed by erosion, leaving bedrock valleys in the central and southeastern parts of 

the study area; the valleys are filled with drift. The vertical hydraulic head difference between the 

middle drift aquifer and the Platteville aquifer ranges from less than 0.1 ft at observation weUs 

farthest from the bedrock valleys to as much as about 10 ft near the bedrock valleys. These vertical 

hydraulic head differences indicate that the vertical leakage of water out of the middle drift aquifer 

through the lower drift confining unit is greater in the vicinity of the bedrock valleys than away from 

them. Also, the hydraulic head difference between the Platteville and St. Peter aquifers ranges from 

about 20 ft in areas where the Platteville aquifer is underlain by the Glenwood Shale confining unit to 

nearly zero near the bedrock valleys. The similarity in hydraulic heads and lack of a significant 

vertical gradient (between the Platteville and St. Peter aquifers) may indicate lateral movement of 

water out of the Platteville aquifer and into the drift filling the bedrock valleys. 
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Crp$$-$^ctiQn 

A numerical cross-section ground-water-flow model was constructed and calibrated for steady-

state conditions. The cross-section model was used to test hydrologic concepts of flow through the 

drift and Platteville aquifer system, particularly the effects of confining units and bedrock vaUeys on 

vertical flow. The numerical model used for this study was the U.S. Geological Survey modular 

three-dimensional finite-difference groimd-water-flow model developed by McDonald and 

Harbaugh (1988). The model uses finite-difference methods to obtain approximate solutions to 

partial-differential equations of ground-water flow. The model incorporates horizontal and vertical 

flow equations, aquifer hydraulic properties, and recharge to and discharge from the aquifers to 

calculate hydraulic heads in the aquifers. 

The use of particle-tracking techniques to generate path lines and time-of-travel information 

from the results of numerical models can be helpful in analyzing ground-water-flow systems. A 

particle-tracking post-processing package developed by Pollock (1989) was used to compute ground-

water-flow path lines based on output from steady-state simulations obtained with the U.S. 

Geological Survey modular model. The particle-tracking package graphically presents the results of 

the path-line calculations. Path lines are calculated using a semi-analytical particle-tracking scheme. 

Given the initial position of a particle anywhere in a model cell, the coordinates of any other point 

along the path line within the cell, and the time of travel between them, can be computed directly. 

A conceptual model was formulated based on the hydrogeclogic setting, aquifer characteristics, 

aquifer recharge and discharge, and aquifer and confining unit boundary conditions. The conceptual 

model is a qualitative description of the known hydraulic characteristics and functioning of the 

hydrogeologic system. Simplifying assumptions are necessary to mathematically represent the 

hydrogeologic system. The major concepts of flow, the associated assumptior«, and the boundary 

conditions necessary for the model are 
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1. The upper drift aquifer, the upper drift confining unit, and the middle drift aquifer are 

recharged by infiltration of precipitation where they are not overlain by other hydrogeologic 

units. 

2. The upper drift aquifer is tmder unconfined conditions. The middle drift aquifer is under 

both unconfined and confined conditions. The lower drift, PlatteviUe, St. Peter, and Prairie du 

Chien-Jordan aquifers are under confined conditions. 

3. Some natural hydrologic boundaries Ue beyond the modeled cross-section transect, and 

ground water flows laterally across arbitrarily imposed model bovmdaries. 

4. The trace of the cross-section is aligned with the major horizontal flow paths in the aquifers 

and no significant horizontal flow, not aligned with the trace, occurs in the drift and 

PlatteviUe aquifer system. 

5. The volume of water that moves verticaUy through the base of the Prairie du Chien-Jordan 

aquifer is smaU relative to the lateral flow and the base can be treated as a no-flow boundary. 

6. Ground-water withdrawals from the drift and PlatteviUe aquifer system are negUgible and 

ground-water withdrawals from the underlying aquifers have a negUgible effect on hydraulic 

heads in the drift and PlatteviUe aquifer system. 
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Model Design 

The C-C' cross-section (fig. 2) was chosen to represent the drift and Plattevllle aquifer system 

and to investigate hydrologic concepts of flow using the numerical model. The trace of the section is 

aligned with the major horizontal flow path. There are no significant horizontal flows tangent to the 

simulated flow path. Hydraulic heads and ground-water flow along the cross-section were simulated 

by the numerical model using 1 row and 91 columns (fig 13). The numerical model along the cross-

section requires only one row because a vertical slice through the system, rather than the entire three-

dimensional system, is simulated. The dimensions of each grid cell are 100 ft by 100 ft. The model 

was subdivided vertically into 8 layers, each corresponding to a horizontal hydrogeologic unit. The 

amount of geologic and hydraulic-head information available for the drift and Plattevfile aquifer 

system was insufficient for a more detailed vertical grid. 

FIGURE 13.-NEAR HERE. 
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Figure 13.-Diagrain showing hydrogeologic units and cross-section model layers 
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The thickness of a cell representing an aqiiifer unit is incorporated in the transmissivity term for 

the cell. Transmissivity is the product of the hydraulic conductivity and the saturated thickness. 

Hydraulic conductivity and transmissivity are measures of the ability of an aquifer to transmit water. 

Transmissivity of an unconfined aquifer can vary with changes in the saturated thickness of the 

aquifer, whereas the transmissivity of a confined aquifer is constant with time because the saturated 

thickness of the aquifer does not change. 

The center of a grid cell, referred to as a node, represents the location for which the hydraulic 

head is computed by the cross-section model. Aquifer properties and stresses are assigned to the cells 

and are assumed to represent mean conditions within grid cells. Specific nodes and cells are 

referenced by citing row (i), column (j), and layer Qc). The row number (i) is always 1 for the cross-

section model because there is only one row in the model grid. 

The cross-section model contains eight layers that represent, in descending order (1) the upper 

drift aquifer, (2) the upper drift confining unit, (3) the middle drift aquifer, (4) the lower drift 

confining unit, (5) the lower drift aquifer, (6) the PlatteviUe aquifer, (7) the St. Peter aquifer, and (8) the 

Prairie du Chien-Jordan aquifer (fig. 13). The model layer representing the Prairie du Chien-Jordan 

aquifer was included to extend the model down vertically to an impermeable (no-flow) boimdary. 

The model layer representing the lower drift aquifer includes till and sandy till (low permeability 

material), where these materials directly overlie the PlatteviUe aquifer and sand and gravel deposits 

are absent. The model layer representing the PlatteviUe aquifer includes sandy tUl in the bedrock 

vaUey (columns 63 to 72) where the PlatteviUe aquifer is absent. The Glenwood Shale and basal St. 

Peter confining units are represented in the model by leakage terms that incorporate the thickness 

and vertical hydraiUic conductivity of the unit in each model ceU. 
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The transmissivities of the upper drift aquifer vary as the saturated thickness of the unit varies. 

The transmissivities of the lower drift confining unit, the lower drift aquifer, the Platteville aquifer, 

the St. Peter aquifer, and the Prairie du Oiien-Jordan aquifer are constant in time for any individual 

model cell. The units are imder confined conditions so their saturated thicknesses do not vary. The 

upper drift confining unit and middle drift aquifer are confined along most of the cross-section, but 

are imconfined near the eastern boundary where the overlying hydrogeologic units are absent. The 

transmissivities of these units vary in cells in which the units are imder imconfined conditions and 

are constant in time in cells in which the units are imder confined conditions. 

Leakage of water between model layers is dependent on the thicknesses and vertical hydraulic 

conductivities of adjacent layers and the hydraulic head difference between adjacent layers. The 

Glenwood Shale confining unit, underlying the Platteville aquifer, and the basal St. Peter confining 

unit, imderlying the St. Peter aquifer, are not represented as layers in the cross-section model. 

Groimd-water flow in these confining units is predominantly vertical, with no significant horizontal 

component of flow. The assumption is made that these confining units make no measurable 

contribution to the horizontal conductance of the overlying and underlying layers. In each case, the 

confining unit is treated simply as the vertical conductance between the overlying and underlying 

aquifers. This formulation for the treatment of confining units is frequently referred to as the quasi-

three-dimensional approach (McDonald and Harbaugh, 1988). A more detailed discussion of leakage 

of water between model layers is given in the Supplemental Information Section at the end of this 

report. The volume of water that moves vertically through the base of the Prairie du Chien-Jordan 

aquifer is considered small, relative to lateral flow in that aquifer, and its base is treated as a no-flow 

boundary. 
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Recharge to the upper drift aquifer occurs by percolation of precipitation to the water table and 

is represented in the cross-section model by a spedfied-flux boundary. For columns 61-80 the sand 

and gravel deposits overlying the upper drift confining unit are riot represented in the model (and are 

not shown in fig. 13) because they are unsaturated. The simulated recharge in these columns (61-80) 

is applied directly to the upper drift confining unit. Simulated recharge is appUed to the middle drift 

aquifer in areas where the upper drift aquifer and confining unit are absent and the middle drift 

aquifer is under water-table conditions (columns 81-91). The simulated recharge to the drift and 

Plattevdlle aquifer system from precipitation represents the net difference between precipitation and 

evapotranspiration losses. Evapotranspiration losses include those occurring above the water table 

in the unsaturated zone and ground-water evapotranspiration losses. 

The lower (vertical) boimdary in the cross-section model is the base of the Prairie du Chien-

Jordan aquifer. The base of the Prairie du Qiien-Jordan aquifer is a no-flow boundary because it is 

underlain by the St. Lawrence-Franconia confining unit. The hydrogeologic units lying 

stratigraphically below the St. Lawrence-Franconia confining unit are thought to be in poor hydraulic 

cormection with overlying units (Stark and Hult, 1985). The St. Lawrence-Franconia unit is a regional 

confining bed with a vertical hydraulic conductivity as little as 0.00007 ft/d (Schoenberg, 1990). Some 

vertical leakage of water from the base of the Prairie du Chien-Jordan aquifer through the St. 

Lawrence-Franconia confining bed undoubtedly does occur. In the model, losses due to downward 

leakage of water through the bottom of the Prairie du Chien-Jordan aquifer are not simulated. These 

potential losses though not considered significant, could result in recharge to the drift and Platteville 

aquifer system to be underestimated in the model. Model sensitivity analysis, however, indicated 

that variations in the hydraulic properties and boundary conditions of the Prairie du Chien-Jordan 

aquifer model layer had no significant effect on hydraulic heads and ground-water flow in the drift 

and Platteville aquifer system. 
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The particle-tracking post-processing program used to calculate path lines requires that 

hydraulic properties and hydrologic conditions be specified, in addition to those needed for the U.S. 

Geological Survey modular model (Pollock, 1989). The porosity, defined as the ratio of the volume of 

interstices (voids) to the total volume of a rock or soil, must be specified for each cell. Recharge may 

be assigned to the top face of a cell or treated as a distributed source. Simulated recharge was 

assigned to the top face of cells for the particle- tracking results discussed in this report. 

In the numerical cross-section model, when a particle of water enters the simulated ground-

water-flow system, it moves through the system imtil it reaches a boundary where flow is out of the 

system, or until it enters a cell containing an internal sink, such as a stream. Three options that can be 

used for modeling particle movements are (1) stopping particles when they enter cells that have any 

amoxmt of discharge to internal sinks; (2) letting particles pass through cells for which only part of the 

water flowing into the ceU discharges to the sink (weak sink cells), so that they discharge only at 

discharge boimdaries or cells for which flow is into the cell from all directions (strong sink cells); or 

(3) stopping particles when they enter cells in which discharge to sinks is larger than a specified 

fraction of the total inflow of the cells. The option of letting particles pass through cells with weak 

sinks was used for the particle-tracking results discussed in this report. It should be noted, however, 

that no internal sinks are present along the cross-section model. 
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Boundary Conditions 

Ideally, all model boimdaries should represent the physical limits of the aquifer system or at 

other hydrogeologic boundaries, such as a liver. Practical considerations, such as limitations 

affecting the size of the area modeled, however, often necessitate the use of arbitrarily imposed model 

boundaries that are within the natural hydrologic boundaries. The natural hydrologic boimdaries of 

the upper drift (western boimdary), middle drift, PlatteviUe, St. Peter, and Prairie du Chien-Jordan 

aquifers lie beyond the modeled transect. A spedfied-head boundary, incorporating measured 

hydraulic heads in the aquifers, was used for these model layers (fig. 13). The measured hydraulic 

heads allow a reasonable representation of hydraulic conditions at the model boundaries, assuming 

the model-computed fluxes through the boundaries are reasonable. The use of spedfied-head 

boundaries is appropriate for this modd because ground-water withdrawals have a negligible effect 

on the drift and PlatteviUe aquifer system and the cross-section modd is intended to be used for 

steady-state conditions. 

No-flow boundaries (fig. 13) were used for the eastern boundary of the upper drift aquifer 

(modd layer 1) and for both the eastern and western boundaries of the upper drift confining unit 

(modd layer 2), the lower drift confining unit (modd layer 4), and the lower drift aquifer (model 

layer 5). The eastern boundary of the upper drift aquifer is at the point where the aquifer becomes 

unsaturated (fig. 12) and, therdore, the flux across this boundary is zero. Because flow in the upper 

and lower drift confining units predominantly is verticaUy downward (fig. 12), flux across the modd 

boundaries is negligible. The geologic material near the eastern and western boundaries of modd 

layer 5, representing the lower drift aquifer, is till and sandy till. Modd layer 5, representing the 

lower drift aquifer, is, in effect, a continuation of the overlying lower drift confining unit in areas 

where the lower drift aquifer is absent. Flow near both the eastern and western boimdaries is 

predominantly vertical; therdore, flux across the modd boundaries is negligible. 
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Alternative boundary conciitions that could have been used for model layers with a specified-

head boimdary include a specified-flux or a general-head boundary condition (McDonald and 

Harbough, 1988). A spedfied-flux boundary was not used becau^ (1) hydraulic heads in the aquifer 

units were known, (2) the cross-section model was intended to be used for steady-state conditions 

only (therefore, hydraulic heads at the boundaries are constant), and (3) the flux across the botmdary 

is not weU known due to limited data. A general-head boundary was not used because of uncertainty 

regarding the physical extent and continuity of the drift aquifer units beyond the boundaries of the 

cross-section. 

Model Callbratlon 

Model calibration is the process in which initial estimates of aquifer properties and boundary 

conditions are adjusted tmtil calculated hydraulic heads and simulated ground-water flows 

adequately match measured water levels and flows. Because independent or field-determined 

estimates of ground-water flow along the cross-section are not available, the cross-section model was 

calibrated by matching simulated and measured hydraulic heads only. Model-computed flows, 

however, were compared with reasonable estimates of flow based on known ranges of hydraulic 

properties for the hydrogeologic units. Calibration and evaluation of the model was conducted for 

steady-state (equilibrium) conditions for a winter period, when groimd-water withdrawals in the 

Twin Cities Metropolitan Area are smallest (on a seasonal basis). No storage terms or groimd-water 

withdrawals are included in the steady-state simulation. Under steady-state conditions, the amount 

of water entering the aquifer system equals the amount of water leaving the aquifer system, and the 

long-term change in storage is zero. 
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Measured hydraulic heads in the drift and Platteville aquifer system during December, 1987, 

were used to define boimdary conditions and calibrate the cross-section model. Water-level 

measurements were available from 24 wells located along the selected cross-section. The wells were 

completed in the upper drift (3 wells), middle drift (10 wells), lower drift (3 weUs), Platteville (6 

wells), and St. Peter (2 wells) aquifers (fig. 12). 

During the winter season, the effect of ground-water withdrawals from the underlying St. Peter 

and Prairie du Quen-Jordan aquifers on hydraulic heads in the drift and Platteville aquifer system is 

considered minimal. Hydraulic heads in the St. Peter and Prairie du Chien-Jordan aquifers rebound 

and quickly approach steady-state conditions following the lessening of ground-water withdrawals 

in the late summer and fall. Schoenberg (1984) reported that hydraulic heads in the Prairie du Chien-

Jordan aquifer changed less than 5 ft in most of the Twin Qties Metropolitan Area from 1971-80 and 

that, despite large ground-water withdrawals, no large cones of depression developed in the 

potentiometric surface. The winter steady-state potentiometric surfaces in all aquifers represented in 

the cross-section model have a northwest-to-southeast gradient along the cross-section, with no 

significant components of flow tangent to the trace of the cross-section. 
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The initial values of hydrologic properties used in the cross-section model are listed in table 2. 

The initial values for horizontal and vertical hydraulic conductivities of the hydrogeologic units in 

the cross-section model were based on: (1) reported values from within the study area, (2) Twin Qties 

Metropolitan Area values reported by Norvitch and others (1974), and (3) grain-size and hthologic 

descriptions from test-holes and weU logs in the study area based on relationship between grain size 

class and hydraulic conductivity report by Koch (1980 p. 15). The initial value of recharge to the drift 

and Plattevdle aquifer system from infQtration of precipitation, 5.5 in/yr, was based on simulated 

leakage to the St. Peter aqioifer in the St. Louis Park area during the 1970's reported by Stark and Hult 

(1985). Recharge to the drift and PlatteviUe aquifer system initially was assumed to be similar to 

leakage to the St. Peter aquifer from overlying deposits. The initial values for porosity of the 

hydrogeologic units, used in the particle-tracking path line calculation (PoUock, 1989), were derived 

from mean values reported by Morris and Johnson (1967) and Freeze and Cherry (1979). 

TABLE 2.--NEAR HERE. 

Subject to Revision 
DO NOT QUOTE OR RELEASI:: 

Pending Approval by Director, 
U. S. Geological Survey 

60 



Table 2.--lnitial and calibrated values of hydraulic properties and fluxes used in cross-section model 
[ft/d, feet per day; ft^/d, feet squared per day; in/yr, inches per year; not applicable; 

K^, vertical hydraulic conductivity; K,, horizontal hydraulic conductivity] 

Hydrogeologic unit 

Horizontal 
hydraulic 

conductivity 
(fl/d) 

Saturated 
thickness 

(feet) 
Transmissivity 

(ft'/d) 

Vertical 
hydraulic 

conductivity 
(ft/d) 

Anisotropy 
(MCx) 

Recharge 
(in/yr) 

Porosity 
(percent) 

Upper drift aquifer 
Peat 2.0 0-25 0-25 - 0.1 '6.0,5.5 90 
Sand and Gravel 50^00 0-25 0-10,000 - .01 '6.0,5.5 40 

Upper drift confining unit 10-30 0-20 0-500 0.01 -0.04 '6.0, 5.5 35 
Middle drift aquifer 50-500 15-25 1,000-12,500 - .1 '6.0,5.5 40 
Lower drift confining unit 10-40 2-45 20-1,800 .0002-.2 ~ - 35 
Lower drift aquifer 100-400 0-20 0-5,000 ~ .1 ~ 32-40 
Platteville aquifer 275 0-25 0-6875 ~ .1 ~ 26 
Glenwood shale confining unit - 0-5 - .00001 - -• 5 
St. Peter aquifer '25,20 125 '3,125: 2,500 - ~ - 25 
Basal St. Peter confining unit - 0-20 - '.00002, .0009 - ~ 5 
Prairie du Chien-Jordan aquifer 55 200 11,000 ~ - ~ 31 

1 Calibrated value is... 
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The cross-section model was calibrated by systematically adjusting the values of horizontal and 

vertical hydraulic conductivities of the hydrogeologic units and the amount of recharge until 

calculated hydraulic heads acceptably matched measured water levels in wells along the cross-

section. A difference of 0.2 ft or less between calculated and measured hydraulic heads was 

considered an acceptable match. The match between calculated hydrauhc heads and measured water 

levels was improved by (1) adjusting the vertical hydraulic conductivities of the drift confining units 

within reported ranges, (2) decreasing the vertical hydraulic conductivity of the basal St. Peter 

confining unit to 0.00002 ft/d, (3) increasing the horizontal hydraulic conductivity of the St. Peter 

aquifer to 25 ft/d, and (4) increasing recharge to 6.0 in/yr. Model-computed vertical hydraulic 

conductivities for both the upper and lower drift confining units ranged from 0.0002 to 0.2 ft/d. The 

values of hydrologic properties resulting in the best fit between calculated hydraulic heads and 

measured water levels are listed in table 2 as calibrated value. A complete listing of the input data 

used in the cross-section model for the calibrated best-fit simulation is given in the Supplemental 

Information Section. 

The best-fit calculated hydraulic heads generally were within 0.2 ft of measured water levels in 

weUs along the cross-section. The differences greater than 0.2 ft were +0.3 ft for one well completed in 

the middle drift aquifer (ceU 1,70,3), +0.4 ft for one well completed in the lower drift aquifer (cell 1, 

46,5), and +0.7 for one well completed in the PlatteviUe aquifer (cell 1,46,6) (plus (+) indicates that 

the calculated hydraulic head was higher than the measured water level). The mean difference 

between calculated hydraulic heads and measured water levels, computed as the algebraic stun of the 

differences divided by the number of wells, was +0.06 ft, indicating the positive differences were 

approximately balanced by the negative differences. The mean difference between calculated 

hydraulic heads and measured water levels, computed as the sum of the absolute values of the 

differences divided by the number of wells, was 0.18 ft. 
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A number of factors contribute to the differences between calculated hydraulic heads and 

measured water levels. The calculated hydraulic heads, which represent mean, long-term steady-

state conditions, were compared to hydraulic heads measured at a single point in time (December, 

1987). Although the measured hydraulic heads approximated steady-state conditions, annual 

fluctuations in hydraulic heads do occur. Hydraulic heads measured at a single point in time 

probably do not precisely represent mean, long-term steady-state conditions. Other factors 

contributing to differences between calculated hydraulic heads and measured water levels include 

small-scale spatial variations in the hydraulic properties of the hydrogeologic units and observation 

weUs not being located at the center of cross-section model cells. 
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Computed Water Budget And Flow 

The computed water budget from the cross-section model is shown in table 3. Simulated 

recharge by precipitation to the uppermost model layers from infiltration accoimts for about 41 

percent of the total sources of water in the computed water budget, and boundary inflow from the 

west about 59 percent. About 66 percent of the simulated recharge enters the upper drift aquifer 

(model layer 1), about 23 percent enters the upper drift confining unit (model layer 2), and about 11 

percent enters the middle drift aquifer (model layer 3) at the eastern end of the cross-section where 

the aquifer is unconfined. Boundary inflow to the middle drift aquifer accounts for nearly 32 percent 

of the total sources of water in the computed water budget. Boundary inflow to the upper drift 

aquifer accounts for about 13 percent of the total sources and boimdary inflow to the bedrock aquifers 

(Platteville (model layer 6), St. Peter (model layer 7), and Prairie du Chien-Jordan (model layer 8)) 

about 15 percent. Recharge from infiltration of precipitation accounts for about 46 percent, boundary 

inflow to the middle drift aquifer about 36 percent, and boundary inflow to the upper drift and 

Platteville aquifers about 18 percent of the total sources of water to the drift and Platteville aquifer 

system (excluding the St. Peter and Prairie du Qiien-Jordan aquifers). 

TABLE 3.-NEAR HERE. 
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Table 3.--Computed water budget from cross-section model 
[-, no source or discharge for a budget component) 

Percentage of total 
sources to model 

Percentage of layers 1 to 6 (drift 
Source (cubic Percentage of budget and Platteville Discharge (cubic Percentage of 

Budget component feet per second) total sources component aquifer system) feet per second) total discharges 

Simulated recharge 

Layer 1 (Upper drift aquifer) 0.0094 27.0 66.2 30.4 - -
Layer 2 (Upper drift confining unit) .0032 9.2 22.5 10.4 - ~ 
Layer 3 (Middle drift aquifer) .0016 4.6 11.3 5.2 - -

Subtotal .0142 40.8 10O.0 46.0 - -
Specified head 

Layer 1 (Upper drift aquifer) .0045 12.9 21.8 14.6 - ~ 

Layer 2 (Upper drift confining unit) - - ~ . ~ - ~ 
Layer 3 (Middle drift aquifer) .0110 31.6 53.4 35.6 0.0073 21.0 
Layer 4 (Lower drift confining unit) ~ ~ ~ - - ~ 
Layer 5 (Lower drift aquifer) - ~ ~ - - -
Layer 6 (Platteville aquifer) .0012 3.5 5.8 3.9 .0112 32.2 

Subtotal .0167 ~ - 54.1 - ~ 
Layer 7 (St. Peter aquifer) .0014 4.0 6.8 ~ .0131 37.6 
Layer 8 (Prairie du Chien-Jordan 

.0025 7.2 12.1 .0032 9.2 
aquifer) 

.0025 7.2 12.1 .0032 9.2 

Subtotal .0039 59.2 199.9 .0348 100.0 
Total .0348 100.0 - ' 100.1 .0348 100.0 

' Not 100.00 percent due to rounding error. 



The only discharges in the computed water budget are boundary outflows from the eastern end 

of the cross-section model. About 70 percent of the boundary outflow occurs through the Platteville 

(model layer 6) and St. Peter (model layer 7) aquifers. Of the remaining 30 percent, about 21 percent 

occurs through the middle drift aquifer (model layer 3), and about 9 percent occurs through the 

Prairie du Chien-Jordan aquifer (model layer 8). 

The general pattern of flow in the drift and PlattevUle aquifer system may be summarized as: 

(1) water entering the aquifer system by infiltration of precipitation and boundary inflow from the 

west, (2) water moving through the aquifer system horizontally to the east in the aquifers and 

vertically downward through the confining units, and (3) water discharging from the aquifer system 

by boundary outflow to the east through the middle drift and PlatteviUe aquifers and by leakage 

downward to the St. Peter aquifer. Downward leeikage of grotmd water through the lower boundary 

of the model layers in the drift and Platteville aquifer system is similar for each layer (table 4). 

However, leakage is somewhat greater through the lower boundary of the lower drift aquifer (model 

layer 5) and somewhat less through the lower boundary of the upper drift aquifer (model layer 1) 

than for the other aquifers. The lower drift aquifer is direcdy imderlain by the Platteville aquifer 

along most of the cross-section, with no intervening confining unit, while the upper drift aquifer is 

underlain by the upper drift confining unit and is of lesser areal extent than the other aquifers. 

TABLE 4.-NEAR HERE. 
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Table 4.-Computed leakage between model layers from cross-section model 
[~, movement of water tfirough ttie boundary was only downward, with no upward 

component of flow] 

J , . ^ , ,, Source (cubic feet Discharge (cubic 
Leakage betweenmodellayers js ^ jx 

per second) feet per second) 

Layer 1 (Upper drift aquifer) 0.0050 0.0189 

Layer 2 (Upper drift confining Unit) 
Through upper boundary .0189 .0050 
Through lower boundary ,.0052 .0223 

Layer 3 (Middle drift aquifer) 
Through upper boundary .0223 .0052 
Through lower boundary .0003 .0226 

Layer 4 (Lower drift confining unit) 
Through upper boundary .0226 .0003 
Through lower boundary .0000 .0224 

Layer 5 (Lower drift aquifer) 
Through upper boundary .0224 .0000 
Through lower boundary .0077 .0301 

Layer 6 (Platteville aquifer) 
Through upper boundary .0301 .0077 
Through lower boundary - .0123 

Layer 7 (St. Peter aquifer) 
Through upper boundary .0123 
Through lower boundary - .0007 

Layer 8 (Prairie du Chien-Jordan aquifer) .0007 
1?75 TT73 
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Discharge from the drift and Platteville aquifer system is by (1) leakage to the underlying St. 

Peter aquifer (model layer 7), about 40 percent; (2) boimdary outflow from the Platteville aquifer 

(model layer 6), about 36 percent; and (3) boundary outflow from the middle drift aquifer (model 

layer 3), about 24 percent. The presence or absence of the Glenwood Shale confining unit strongly 

influences the amount of leakage from the drift and Platteville aquifer system to the tmderlying St. 

Peter aquifer. About 31 percent of the total leakage of water (through the lower boimdary of the 

model layer representing the Platteville aquifer) to the St. Peter aquifer occurs through the bedrock 

valley in the eastern part of the cross-section model (columns 63 to 72, fig. 13) where the Platteville 

aquifer and Glenwood Shale confining unit are absent. West of the bedrock valley in columns 46 to 

62, the Glenwood Shale confining unit is absent or discontinuous. About 99 percent of the total 

simulated leakage to the St. Peter aquifer occurs through the areas where the Glenwood Shale 

confining unit is absent or discontinuous (columns 46 to 72). 

A particle-tracking post-processing program (Pollock, 1989) was used to compute ground-

water-flow path lines based on output from the calibrated steady-state cross-section model. The 

results of the path-line calciolations are graphically represented in figures 14 and 15. The path-line 

plot shown in figure 14 was generated with particles placed initially on the surface of the uppermost 

active model layer in columns 2 through 90 to represent the movement through the drift and 

Platteville aquifer system of recharge water derived from the infiltration of precipitation. Most of the 

recharge to the drift and Platteville aquifer system moves horizontally in the western part of the 

cross-section and discharges from the aquifer system by boundary outflow and downward leakage to 

the St. Peter aquifer (model layer 7) in the eastern part. 

FIGURE 14.--NEAR HERE. 

nOURB,...N.ARHE»E. 

OONOTOU^bvWrsctor. 

68 



Figure 14.—Path-line plot representing movement through the drift and Platteville aquifer system 

of recharge water derived from the infiltration of precipitation 
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Figure 15.—Path-line plot representing movement through the drift and PlattevUle aquifer system 

of water derived from boundary inflow 
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The path-line plot shown in figure 15 was generated with particles placed initially on the left 

(inflow boundary) face of each model layer in column 1 to represent the movement through the drift 

and Platteville aquifer system of water derived from boimdary inflow. The option of tracking 

particles forward in the direction of ground-water flow was used in both cases. Much of the water 

derived from boimdary inflow discharges by downward leakage to the St. Peter aquifer (model layer 

7) prior to reaching the bedrock valley. The predominant flow is initially horizontal within the 

aquifer units, but then becomes nearly vertical through the confining units. The vertical leakage of 

water through the lower drift confining unit (model layer 4) occurs mainly west of column 22 where 

the unit is only about 2-ft thick. The steep gradients of the path lines in the St. Peter aquifer, 

beginning in column 46, reflect the absence of the Glenwood Shale confining unit in columns 46 to 72. 

The greatly increased leakage to the St. Peter aquifer, because of the absence of the Glenwood Shale 

confining unit, probably results in an increased vertical hydraulic head gradient in the aquifer. No 

measured hydraulic heads for the St. Peter aquifer are available to verify the head gradient, except 

near the western edge of the discontinuity in the confining unit. 

The path-fine plots illustrate the major directions of flow in the drift and Platteville aquifer 

system as (1) predominantly horizontal flow in the aquifers, (2) predominantly vertical flow in the 

confining units, and (3) significant leakage of ground water from the drift and PlattevUle aquifer 

system to the underlying St. Peter aquifer (model layer 7) in the eastern part of the cross-section 

where the Glenwood Shale confining imit is absent. About 48 percent of the downward leakage of 

water through the lower drift coi\fining unit (model layer 4) also occurs in the eastern part of the 

cross-section because the tUl and clay comprising the unit is sandier than it is in the western part. The 

vertical hydraulic conductivity of the lower drift confining unit is therefore greater in the eastern part. 
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Sensitivity Anglv?^? 

Changes in boundary conditions 

The effects of using spedfied-head boundary conditions on calculated hydraulic heads and 

ground-water flow in the drift and PlatteviUe aquifer system were investigated by substituting no-

flow boundaries for spedfied-head boundaries and comparing the results. The changes in calculated 

hydraulic heads for each model layer that resulted from the substitution of no-flow boimdaries for 

spedfied-head boimdaries at the western boundary (where ground-water inflow to the drift and 

PlatteviUe aquifer system occurs) are given in table 5. 

TABLE 5.--NEAR HERE. 

^f^jOTE^OR RELEASE 
DO NOT Udu Director, 

a s eSogical survey 

72 



Nl 

Table 5.--Sensitivity of calculatecl hydraulic heads to changes in cross-section model boundary conditions 
(Mean deviation ot hydraulic heads was calculated as the algebraic sum ot the differences from the calibrated hydraulic heads tor each variable-head 

cell divided by the number ot cells. +, hydraulic heads tor the sensitivity simulation greater than hydraulic heads tor the calibrated simulation; -, 
hydraulic heads tor the sensitivity simulation less than tor the calibrated simulation; NA, not applicable, min., minimum; max., maximum] 

Deviation of hydraulic heads (feet) 
Layer 1 Layer 3 Layer 5 Layer 6 Layer 7 Layers 

Boundary condition mm. max. mean min. max. mean min. max. mean min. max. mean min. max. mean min. max. mean 
No-flow western boundary for 
layer 1 (Upper drift aquifer) 

-0.1 -1.8 -0.3 0.0 -0.2 -0.1 0.0 -0.2 -0.1 0.0 -0.2 -0.1 0.0 -0.1 <0.05 0.0 0.0 0.0 

No-flow western boundary for 
layer 3 (Middle drift aquifer) 

-.3 -1.3 -.9 .0 -2.7 -.8 -.2 -.9 -.6 .0 -.9 -.5 .0 -.4 -.2 .0 .0 .0 

No-flow western boundary for 
layer 6 (Platteville aquifer) 

.0 -.2 -.1 .0 -.2 -.1 .0 -.3 -.2 .0 -.5 -.2 .0 -.1 <.05 .0 .0 .0 

No-flow western boundary for 
layer 7 (St. Peter aquifer) 

.0 -.2 -.1 .0 -.2 -.1 .0 -.3 -.1 .0 -.3 -.1 .0 -2.4 -.9 .0 .0 .0 

No-flow western boundary for layer 8 
(Prairie du Chien-Jordan aquifer) 

.0 -.1 <.05 .0 .0 .0 .0 -.1 <.05 .0 .0 .0 .0 -.1 <.05 .0 -1.7 -.9 

No-flow western boundary for all 
layers 

-7.6 •-14.2 NA -.2 -14.1 -7.5 -2.2 -10.8 -6.9 -.1 -10.9 -6.5 -.2 -7.5 4.9 .0 -1.8 .9 

East boundary of layer 5 (Lower 
drift aquifer), specified head 

.0 .0 .0 .0 .0 .0 .0 -.1 <.05 .0 -.1 <.05 .0 .0 .0 .0 .0 .0 

34 of 60 cells (57 percent) were dewatered. 
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Calculated hydraulic heads in the drift and Platteville aquifer system were most affected by 

changes in the boundary condition for the middle drift aquifer (model layer 3), with mean declines 

ranging from 0.5 to 0.9 ft. Mean dedines in calculated hydraulic heads resulting from changes in the 

boimdary conditions for the upper drift aquifer (model layer 1) and for the Platteville aquifer (model 

layer 6) were equal to or less than 0.3 ft in all model layers. The calculated hydraulic head dedines for 

a given model layer were greatest near the western boimdary of the cross-section model and 

generally decreased to almost zero near the eastern boimdary of the model. Mean dedines in 

calculated hydraulic heads in the drift and Platteville aquifer system resulting from changes in the 

boundary conditions for the underlying bedrock aquifers (St. Peter and Prairie du Chien-Jordan 

aquifers, model layers 7 and 8) were equal to or less than 0.1 ft. The simulations indicated that the 

t)rpe of boimdary condition imposed at the western boundary of the cross-section model did not have 

a significant effect on hydraulic heads in the drift and Platteville aquifer system, except for changes in 

the type of boundary condition used for the middle drift aquifer. 

The western cross-section model boundary was changed to a no-flow boundary for aU the 

model layers, with recharge from precipitation as the only source of water. The change in boundary 

conditions resulted in 57 percent of the model layer cells representing the upper drift aquifer (model 

layer 1) becoming desaturated. Mean declines in calculated hydraulic heads in the other aquifer units 

ranged from 0.9 ft in the Prairie du Chien-Jordan aquifer (model layer 8) to 7.5 feet in the middle drift 

aquifer (model layer 3). 
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When the western boundary condition of a model aquifer layer was changed from a specified-

head to a no-flow boundary the main effect on simulated ground-water flow was to increase the 

inflow through the western boundaries of the other layers representing aquifer uiuts. Changing the 

western boundary of the middle drift aquifer (model layer 3) resulted in the greatest increases in 

boimdary inflow to the other aquifers because grotmd-water inflow to the middle drift aquifer was 

much greater than to the other aquifers. Inflow was increased as much as 325 percent in the 

Platteville aquifer (model layer 6). Boimdary outflow through the eastern boundary of an aquifer 

unit decreased by a smaU amount (about 7 percent or less) as a result of the imposed boimdary 

condition change on the western boundary. Changing the western boundary condition of a model 

layer representing an aquifer also resulted in greater leakage of water down from overlying aquifer 

units (increases of about 10 to 25 percent). In summary, the volume of water lost to the aquifer system 

by eliminating boundary inflow to an aquifer unit was compensated for by (1) boundary inflow to the 

other aquifer units, and (2) to a lesser degree, reduced boundary outflow and increased leakage of 

water down from overlying aquifer units. 

The effects of changing the eastern boimdary of the lower drift aquifer (model layer 5) from a 

no-flow to a spedfied-head boundary on calculated hydraulic heads and simulated ground-water 

flow also were investigated (table 5). OriUer's logs with sufficient detail of the lower drift confining 

unit and lower drift aquifer along the cross-section east of the bedrock valleys are not available. 

Consequently, sand and gravel units of the lower drift aquifer may overlie the Platteville aquifer in 

this area, resulting in a significant horizontal component of flow near this boundary. Changing the 

boundary condition from no-flow to a spedfied-head, however, resulted in no significant change in 

calculated hydraulic heads (0.1 ft or less). The resultant simulated boundary outflow for the lower 

drift aquifer (model layer 5) also was not significant in relation to total flow (about 0.0001 cubic feet 

per second), and leakage to the underlying Platteville aquifer (model layer 6) was reduced by less 

Subject to . pp 
" DO NOT QUOTE OR 

Pending Approval bV 
75 y 3 Geological Survey 



Changes in hydraulic properties and recharge 

A model-sensitivity analysis, wherein the value of a single hydrologic property is varied while 

all other properties are held constant, was done to identify the relative effect of changes in hydraulic 

properties and recharge on calculated hydraulic heads and simulated groimd-water flow. The degree 

to which the hydrologic properties can be adjusted is related to the uncertainty as to their correct or 

true value associated with each property. For example, the range of values reported in the literature 

for horizontal hydraulic conductivity of each aquifer unit is relatively small (about+2 times the initial 

values used in the model); therefore, the uncertainty as to the correct or true value is relatively small. 

In contrast, the confining units have a wide range in values reported in the literature of vertical 

hydraulic conductivities, spanning 2 or 3 orders of magnitude; therefore, the uncertainty as to their 

correct value is large. Variations of hydrologic properties were kept within reported or plausible 

ranges of values (table 6). Horizontal hydraulic conductivities and transmissivities of the model 

layers were varied by factors of 1.5 and 0.5. The vertical leakance terms controlling leakage between 

layers were varied by factors of 10 and 0.1. Variations in the vertical leakance terms correspond to 

variations in the vertical hydraulic conductivity of the confining units because the vertical hydraulic 

conductivities of the confining units are much smaller than the vertical hydraulic conductivities of the 

aquifers. Recharge was varied by factors of 1.333 and 0.667, which correspond to plus and minus 2.0 

in/yr. 

TABLE 6.-NEAR HERE. 
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Table 6.--Sensitlvity of calculated hydraulic heads and fluxes to changes in values of hydraulic properties and recharge 
[Mean deviation of hydraulic heads was calculated as the algebraic sum of the differences from the calibrated hydraulic heads for each variable-head 
cell divided by the number of cells. +, hydraulic heads for the sensitivity simulation greater than the calibrated simulation: hydraulic heads for the 

sensitivity simulation less than the calibrated simulation; NA, not applicable; min., minimum; max., maximum] 
Deviation of calculated hydraulic heads (feet) 

Multi- Layer 1 
Hydraulic property or plied by 

recharge 

Layers Layers Layer 6 Layer? 

Deviation from calibrated net 
flux across lower boundary 

Layer 8 (cubic feet per second) 
percent 

factor of min. max. mean min. max. mean min. max. mean min. max. mean min. max. mean min. max. mean deviation layer change 
Horizontal hydraulic 
conductivity of layer 1 
(Upper drift aquifer) 

Horizontal hydraulic 
conductivity of layer 1 
(Upper drift aquifer) 

1.5 -0.2 +0.7 +0.1 -0.2 +0.4 <0.05 -0.1 +0.2 <0.05 -6.1 +0.2 <0.05 0.0 +0.1 +0.1 O-O 0.0 0.0 +0.00073 1 16.1 

.5 -1.0 +.3 -.1 -.5 +.3 <.05 -.3 +.1 -.1 -.3 +.1 -.1 -.2 .0 -.1 .0 .0 .0 -.00125 1 27.5 

'vl Horizontal hydraulic 
—J conductivity of layer 2 

(Upper drift confining unit) 

Horizontal hydraulic 
conductivity of layer 2 
(Upper drift confining imit) 

1.5 -.1 .0 <.05 -.1 +.1 <05 .0 +.1 <05 .0 +.1 <05 0 +.1 <05 .0 .0 .0 +.00014 1 3.1 
-.00003 3 .7 

.5 .0 +.1 <05 -.1 +.1 <05 -.1 .0 <.05 -.1 .0 <05 -.1 .0 <05 .0 .0 .0 -.00016 1 3.5 
+.00004 3 1.1 

Horizontal hydraulic 
conductivity of layer 3 
(Middle drift aquifer) 

Horizontal hydraulic 
conductivity of layer 3 
(Middle drift aquifer) 

1.5 .0 +.4 +.4 -.1 +.4 +.2 .0 +.3 +.2 .0 +.3 +.2 .0 +.2 +.1 .0 .0 .0 +.00195 3 52.8 

.5 -.7 .0 -.4 -.7 +.2 -.3 -.5 .0 -.3 -.5 .0 -.3 -.3 .0 -.1 .0 .0 .0 -.00298 3 80.6 

Transmissivity of layer 4 1.5 
(Lower drift confining imit) 

Transmissivity of layer 4 .5 
(Lower drift confining unit) 

-.1 .0 <05 -.1 +.1 <.05 -.1 +.3 <05 -.1 +.1 <05 -.1 .0 <05 .0 .0 .0 -.00005 3 1.4 
+.00001 6 .1 

.0 +.1 <05 -.1 +.1 <05 -.3 +.1 <05 -.1 +.1 <05 .0 +.1 <05 .0 .0 .0 +.00006 3 1.6 
+.0000003 6 jooaaa 
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Table 6.--Sensitivity of calculated hiydraulic heads and fluxes to changes in values of hydraulic properties and recharge-Continued 
Deviation of calculated hydraulic heads (feet) 

CKJ 

Multi-
Hydraulic property or plied by 

recharge 

Layer 1 Layers Layer 5 Layer 6 Layer 7 Layer 8 

Deviation from calibrated net 
flux across lower boundary 

(cubic feet per second) 
percent 

factor of min. max. mean min. max. mean min. max. mean min. max. mean min. max. mean min. max. mean deviation layer change 
Transmissivity of layer 5 1.5 -.1 +.1 <05 -.1 +.2 <.05 -.2 +.4 <05 -.2 +.2 <05 -.1 +.1 <.05 .0 .0 .0 +.00003 6 .3 
(lx)wer drift aquifer) 

Transmissivity of layer 5 .5 -.1 +.1 <05 -.2 +.1 <.05 -.5 +.3 -.1 -.3 +.2 <05 -.1 .0 <.05 .0 .0 .0 -.00003 6 .3 
(Lower drift aquifer) 

Transmissivity of layer 6 1.5 -.3 .0 -.2 -.3 .0 -.2 -.3 +.2 -.2 -.3 +.2 -.1 -.1 +.1 <.05 .0 .0 .0 -.00148 6 14.8 
(Platteville aquifer) 

Transmissivity of layer 6 .5 .0 +.4 +.3 .0 +.4 +.3 -.4 +.6 +.3 -.5 +.7 +.2 -.2 +.2 <.05 .0 .0 .0 +.00254 6 25.3 
(Platteville aquifer) 

Transmissivity of layer 7 1.5 -.4 .0 -.2 -.5 .0 -.2 -.7 .0 -.3 -.7 .0 -.3 -1.1 .0 -.6 .0 -.0 .0 +.00155 5 15.5 
(St. Peter aquifer) -.002177 7 23.9 

Transmissivity of layer 7 .5 .0 -I-.6 +.3 .0 +.7 +.3 .0 +1.0 +.5 .0 +1.0 +.5 .0 +1.6 +.9 .0 +.1 <05 -.00240 6 23.9 
(St. Peter aquifer) +.00430 7 37.0 

Transmissivity of layer 8 1.5 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 -.1 .0 <05 0 7 0 
(Prairie du Chien-Jordan -.0000002 8 .03 
aquifer) 

Transmissivity of layer 8 .5 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 +.1 <05 .0000003 7 .00: 
(Prairie du Chien-Jordan +.0000005 8 .07 
aquifer) 

Vertical leakance term 10. -1.5 +0.1 -0.3 -0.1 +0.2 <05 0.0 +0.1 <0.05 0.0 +0.1 <0.05 0.0 +0.1 <0.05 0.0 0.0 0.0 +0.0024 1 17.3 

for layers 1 and 2 
Vertical leakance term .1 -.1 +4.8 +1.0 -.4 +.3 -.1 -.3 .0 -.1 -.2 .0 -.1 -.2 .0 -.1 .0 .0 .0 -.0047 1 33.8 

for layers 1 and 2 

Vertical leakance term 10. -.3 .0 -.1 -.1 +.2 <05 .0 +.1 <.05 .0 +.1 <05 .0 +.1 <.05 .0 .0 .0 +.0015 2 8.9 

for layers 2 and 3 
Vertical leakance term .1 .0 + 1.3 +.3 -.4 +.4 <.05 -.2 .0 -.1 -.2 .0 -.1 -.1 .0 -.1 .0 .0 .0 -.0029 2 17.0 
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Table 6.-Sensitivity of calculated tiydraulic heads and fluxes to changes in values of hydraulic properties and recharge-Continued 
Deviation of calculated hydraulic heads (feet) 

Deviation from calibrated net 
flux across lower boundary 

Multi- Layer 1 Layer 3 Layer 5 Layer 6 Layer 7 Layer 8 (cubic feet per second) 
Hydraulic property or plied by percent 

recharge factor of min. max. mean min. max. mean min. max. mean min. max. mean min. max. mean min. max. mean deviation layer change 

Vertical leakance term ia 3 !o 3 -.7 +.1 Ti -.5 +.3 <!o5 .0 +.3 +1 .0 +.2 +.1 !o !o !o +.0004 3 Ti 
for layers 3 and 4 
Vertical leakance tenn .1 .0 +1.8 +.8 .0 +1.8 +.9 -.9 -.3 -.7 -.9 .0 -.6 -.7 .0 -.4 .0 .0 .0 -.0056 3 25.1 
for layers 3 and 4 

Vertical leakance term .0 +.3 +.1 .0 +.2 +.1 .0 +.1 +.1 .0 .0 .0 +.0014 4 6.3 
for layers 4 and 5 
Vertical leakance term .1 .0 +1.5 +.8 +.i +1.5 +.8 -.9 -.2 -.7 -.8 .0 -.6 -.7 .0 -.4 .0 .0 .0 -.0059 4 26.4 
for layers 4 and 5 

Vertical leakance term to. -.3 .0 -.1 -.7 .0 -.2 -2.6 +.1 -.6 -.2 +.3 <05 -.1 .0 <05 .0 .0 .0 +.0021 5 9.4 
for layers 5 and 6 
Vertical leakance term .1 .0 +.6 +.3 +.1 +i.o +.4 -.6 +2.0 +.6 -.9 +.2 -.1 -.3 .0 -.1 .0 .0 .0 -.0033 5 14.8 
for layers 5 and 6 

Vertical leakance term 10. -.4 .0 -.2 -.4 .0 -.2 -.5 -.1 -.3 -.6 .0 -.3 .0 +1.2 +.7 .0 .0 .0 +.0030 6 24.3 
for layers 6 and 7 
Vertical leakance term .1 .0 +l.l +.5 .0 +1.2 +.5 +.2 +1.8 +.9 .0 +1.8 +.8 -3.7 -.1 -2.1 .0 .0 .0 -.0075 6 60.8 
for layers 6 and 7 

Vertical leakance term lO. -.3 .0 -.1 -.4 .0 -.2 -.6 .0 -.3 -.6 .0 -.2 -1.2 -.1 -.7 .0 +.6 +.4 +.0064 7 884.0 
for layers 7 and 8 
Vertical leakance term .1 .0 +.1 <05 .0 +.1 <05 .0 +.1 <05 .0 +.1 <05 .0 +.2 +.i -.1 .0 <05 -.0007 7 90.0 
for layers 7 and 8 

Recharge to uppermost 1.333 .0 +.7 +.4 .0 +.6 +.35 .0 +.3 +.25 .8 +.3 +.2 .0 +.2 +.1 .0 .0 .0 Ifk 8 ^ 
active layer 8 9 a tj i' '0 O 'f-
Recharge to uppermost .667 -.8 .0 -.4 -.6 .0 -.35 -.4 .0 -.25 -.3 .0 -.2 -.3 .0 -.1 .0 .0 .0 NA Sliblprt tO 
active layer 
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The sensitivity analyses indicate that calculated hydraulic heads in the drift and Platteville 

aquifer system were most sensitive to variations in (1) horizontal hydraulic conductivities of the 

middle drift aquifer, (2) transmissivities of the Platteville and St. Peter aquifers, (3) vertical hydraulic 

conductivities of the lower drift confining unit, (4) vertical hydraulic conductivity of drift material 

filling the bedrock valley where the Platteville aquifer and Glenwood Shale confining unit are absent, 

(5) vertical hydraulic conductivity of the basal St. Peter confining unit, recharge. Varying the 

horizontal hydraulic conductivities of the middle drift aqiiifer (model lai^CT 3) or tfte ^^nsmissivities 
" " ..o 

of the Platteville aquifer (model layer 6) or the St. Peter aquifer (model layer 7) by factors, of 1.5 and 

0.5 resulted in mean differences in calculated hydraulic heads in the drift and Platteville aquifer 

system of 0.1 to 0.5 ft (table 6), with a range in differences fromO to 1.0 ft. Variations in the horizontal 

hydraulic conductivities of the upper drift aquifer (model layer 1), the upper drift confining unit 

(model layer 2), the lower drift confining unit (model layer 4), the lower drift aquifer (model layer 5), 

or the Prairie du Qiien-Jordan aquifer (model layer 8) resulted in mean differences in calculated 

hydraulic heads of 0.1 ft or less (table 6). 
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The general effect of increasing the hydraulic conductivities of the upper drift aquifer (model 

layer 1) or the transmissivities of the middle drift aquifer (model layer 3) was to increase the net 

boundary flow (boimdary inflow minus botmdary outflow) to the aquifers by about 16 and 53 percent 

(table 6), respectively, thereby resulting in higher calculated hydraulic heads in the model. The 

general effect of increasing the transmissivities of the PlatteviUe aquifer (model layer 6) or the St. 

Peter aquifer (model layer 7) was to decrease the net boundary flow to the aquifers (by increasing the 

boundary outflow) by about 15 and 24 percent (table 6), respectively, thereby resulting in lower 

calculated hydraulic heads in the model. The general effect of decreasing the hydraulic 

conductivities or transmissivities of the aquifer units (varying only one hydrologic property for one 

model layer at a time) was to decrease the net boundary flow, with a net loss in flow of 28 and 81 

percent to the aquifer, for the upper drift and middle drift aquifers, respectively. Net boundary flow 

was increased, with a net gain in flow of 25 and 37 percent to the aquifer, for the PlatteviUe and St. 

Peter aquifers, respectively. 
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Calculated hydraulic heads in the drift and PlatteviUe aquifer system were significantly affected 

by varying the vertical hydraulic conductivities of the upper-drift confining unit or the lower drift 

confining vmit or the drift material filling the bedrock valley by factors of 10 and 0.1. Increasing the 

vertical hydraulic conductivity of the basal St. Peter confining unit by a factor of 10 also significantly 

affected calculated hydraulic heads. Mean differences in calculated hydraulic heads for the aquifers 

varied from less than 0.05 to 1.0 ft, with a range in differences from 0.0 to 4.8 ft (table 6). The largest 

calculated differences occurred in the upper drift aquifer and in the eastern part of the cross-section 

near the bedrock valley. Decreasing the vertical hydraulic conductivity by a factor of 10 generally 

resulted in much larger deviations from the calibrated best-fit hydraulic heads than did increasing the 

vertical hydraulic conductivity by a factor of 10. The general effect of increasing the vertical 

hydraulic conductivity of a confining imit (that is, increasing the vertical leakance term for adjacent 

layers) was to lower calculated hydraulic heads in the aquifers above the confining unit and to raise 

calculated hydraulic heads in the aquifers below the confining unit. The general affect of decreasing 

the vertical hydraulic conductivity of a confining unit was to raise calculated hydraxilic heads in the 

aquifers above the confining unit and to lower calculated heads in the aquifers below the confining 

unit. 
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The percentage increase in net flux across the lower boundary of an aquifer from the calibrated 

best-fit simulation resulting from increasing the vertical hydraulic conductivity of an adjacent 

confining imit ranged from about 2 percent for the middle drift aquifer (model layer 3) to about 884 

percent (nearly 9 times the calibrated best-fit value) for the St. Peter aquifer (model layer 7) (table 6). 

The percentage increase for the St. Peter aquifer is large because the net flux across the underljdng 

basal St. Peter confining unit for the calibrated best fit simulation was small, only about 0.05 times the 

net flux across the lower boundary of the other aquifers, due to the low vertical hydraulic 

conductivity of the confining unit. The effect of the increased flow across the lower botmdary of the 

St. Peter aquifer on hydraulic heads in the drift and PlatteviUe aquifer system is small, resulting in 

changes in hydraulic heads of 0.3 ft or less. The percentage decrease in net flux across the lower 

boundary of an aquifer that resulted from decreasing the vertical hydraulic conductivity of a 

confining unit ranged from about 15 percent for the lower drift aquifer (model layer 5) to about 90 

percent for the St. Peter aquifer (model layer 7). The largest changes in net flux across the lower 

boundary of the lower drift and PlattevUle (model layer 6) aquifers resulting from variations in 

vertical leakance terms occur in and near the bedrock valley. 

The sensitivity analysis indicated the cross-section model steady-state hydraulic heads were 

relatively insensitive to large variations in the hydraulic properties of the hydrogeologic units. The 

imposed variations, however, did have a significant effect on simulated ground-water flow in the 

drift and PlatteviUe aquifer system. Varying the vertical hydrauUc conductivities of the confining 

units, in particular, had sigruficant effects on ground-water flow, and therefore migration of 

contaminants, in the aquifer system. The implications of the results of the model analysis for 

migration of contaminants is discussed later in the report. The results of the sensitivity analysis 

indicate that the most important additional information needed to better simulate the drift and 

PlatteviUe aquifer system in the study area is an improved definition, in terms of extent and hydrauUc 

properties, of the confining units. 
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Varying recharge to the drift and Platteville aqtufer system (applied to the uppermost active 

model layer) by factors of 1.333 and 0.667 (+ 2.0 in/yr) resulted in mean differences in calculated 

hydraulic heads of 0.2 to 0.4 ft, with a range in differences from 6.0 to 0.8 ft (table 6). The sensitivity of 

calculated hydrairlic heads, in the cross-section model, to variations in recharge is lessened by the 

influence of the spedfied-head boimdaries for the aquifer units. Ground-water inflow from the west 

is a significant source of water to the aquifer system in the study area, about 59 percent based on the 

computed water budget from the cross-section model. 

Hypothetical Hydrologic Conditions 

The calibrated steady-state cross-section model was used to investigate the effects of varying 

the hydraulic properties of confining units and the physical extent of the Glenwood Shale confining 

unit on calculated hydraulic heads and simulated ground-water flow in the drift and Platteville 

aquifer system. The variations included (1) increasing the vertical hydraulic conductivity of the 

lower drift confining unit (model layer 4) by a factor of 100 in the western part (columns 1 to 60) of the 

cross-section, (2) making the Glenwood Shale confining unit continuous in the airea west of the 

bedrock valley (columns 46 to 62), (3) making the Glenwood Shale confining unit continuous across 

the bedrock valley (columns 63 to 72), and (4) making the Glenwood Shale confining unit continuous 

along the entire cross-section. The distribution and hydraulic properties of confining units are of 

major importance to grotmd-water flow and the potential transport of contaminants near the plant 

site. 
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In the simulations of hypothetical hydrologic conditions, the hydraulic properties and physical 

extent of the confining units that most affected ground-water flow were varied; these uruts are the 

lower drift (model layer 4) and Glenwood Shale confining units. The effects of increased vertical 

leakage preferentially in the wester part of the cross-section and the effects of changes in the location 

and extent of the bedrock valley on hydraulic heads and ground-water flow were evaluated. The 

simulations (1) provide a better imderstanding of the role of confining units in the ground-water-flow 

system, and (2) fllustrate the effects of possible errors in representing the drift and Platteville aquifer 

system due to imcertainty regarding the extent of the Glenwood Shale confining imit. 

The vertical hydraulic conductivity of the lower drift confining unit (model layer 4, columns 1-

60) was increased by a factor of 100 in the western part of the cross-section. This resulted in a mean 

deviation from the calculated hydraulic heads from the calibrated best-fit simulation of (1) -0.8 ft and 

-0.5 ft in the overlying upper drift aquifer (model layer 1) and middle drift aquifer (model layer 3), 

respectively; and (2) in the tmderlying lower drift (model layer 5), Platteville (model layer 6), and St. 

Peter (model layer 7) aquifers, the mean deviations ranged from +0.4 to +0.6 ft (table 7). 

TABLE 7.--NEAR HERE. 
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Table 7.--Changes in hydraulic heads because of hypothetical changes in confining unit properties 
[Average deviation of hydraulic heads calculated as the algebraic sum of the differences from the calibrated hydraulic heads for each variable-head 

cell divided by the number of cells, -i-, deviation hydraulic heads for the sensitivity simulation greater than the calibrated simulation; deviation 
indicates hydraulic heads for the sensitivity simulation less than for the calibrated simulation; NA, not applicable; min., minimum; max., maximum] 

Deviation of hydraulic heads (feet) 

Multiplied Layer 1 Layers Layer 5 Layer 6 Layer? Layer 8 

Confining unit property by factor of min. max. mean min. max. mean min. max. mean min. max. mean mitL max. mean min. max. mean 

Vertical leakance term 
for layers 3 and 4 and 
layers 4 and 5 in western 
part of cross-section 
(columns 1-60) 

100 -1.9 0.0 -0.8 -1.9 +0.1 -0.5 0.0 +2.3 +0.6 0.0 +1.4 +0.4 0.0 +0.9 +0.4 0.0 0.0 0.0 

CO 

Glenwood Shale 
confining unit 
continuous west of 
bedrock valley 
(columns 46-62) 

NA .0 +.7 +.4 .0 +.7 +.3 .0 +1.7 +.7 .0 +1.7 +.6 -3.1 -.1 -1.5 .0 .0 .0 

Glenwood shale 
confining unit 
continuous across 
bedrock valley 
(columns 63-72) 

NA .0 +.2 <.05 .0 +.3 +.1 .0 +.3 +.1 .0 +.5 +.1 -.9 .0 -.3 .0 .0 .0 

Glenwood shale 
confining unit 
continuous across the 
bedrock valley and the 
area west of the bedrock 
valley (columns 46-72) 

NA .0 +1.6 +.7 +.1 +1.8 +.8 +.1 +2.8 1.3 .0 +2.8 +1.3 -6.0 -.2 -3.4 -.1 .0 .0 
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As a result of increasmg the vertical hydraulic conductivity of the lower drift confining unit by 

a factor of 100 in the western part of the cross-section, the net boundary flow for the middle drift 

aquifer (model layer 3) increased by about 59 percent (table 8). The hydraulic gradient in the middle 

drift aquifer at the western boundary increased and boundary inflow increased by 20 percent. The 

net botmdary flow for the PlatteviUe aquifer (model layer 6) decreased by about 11 percent. The 

hydraulic gradient in the PlatteviUe aquifer at the western boimdary decreased because of greater 

leakage through the overlying confining imit and boundary inflow decreased by 48 percent. The net 

flux across the lower boundary of the lower drift confining unit (model layer 4) increased by about 11 

percent. The leakage of water from the drift and PlattevUle aquifer system (model layers 1 to 6) to the 

underlying St. Peter aquifer (model layer 7) through the bedrock vaUey (columns 63 to 72) decreased 

by about 10 percent. This indicates that increased vertical leakage of water through the drift and 

PlatteviUe aquifer system in the western part of the cross-section results in (1) increased leakage to the 

St. Peter aquifer in the western part of the cross-section, and (2) decreased leakage to the St. Peter 

aquifer through the bedrock vaUey. A widening of the area of vertical leakage through the lower drift 

confining unit (model layer 4) to the west to include columns 59 to 63 is apparent when compared to 

figure 14 for the calibrated best-fit simulation. 

TABLE 8.-NEAR HERE. 
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Table 8.--Changes in fluxes because of fiypothetical changes in confining unit properties 
[+, net gain in fiux and a percentage increase; net loss in flux and a percentage decrease] 

Change in confining unit 
property or extent 

Deviation from calibrated net boundary flux 
(cubic feet per second) 

Deviation firom calibrated net flux 
across lower boundary 
(cubic feet per second) 

Deviation from calibrated flux 
through bedrock valley 

(columns 63-72) 
(cubic feet per second) 

deviation layer percent change deviation layer percent change deviation layer 

'Vertical leakance term 
increased by a factor of 100 
for layers 3 and 4 and layers 
4 and 5 in western part of 
cross-section 
(columns 1-60) 

-tO.00219 
-.00106 

-t-59.3 
-10.6 

-tO.0025 
-H.0025 
-t-.0014 

3 
4 
6 

-1-11.2 
-hll.2 
-Hi 1.4 

-0.000381 -10.0 

cO 
oo 

Glenwood Shale confining -.00037 
unit made continuous west -.00182 
of bedrock valley -H.00429 
(coliunns 46-62) 

Glenwood shale confining -.00032 
unit made continuous across -.00094 
bedrock valley -H.00172 
(columns 63-72) 

1_. 

-18.2 
-H37.0 

1 

-9.4 
-H14.8 

-.0043 

-.0017 

-34.9 

-13.8 

-H.004119 -H108.4 

-.003794 -99.8 

Glenwood shale confining 
unit made continuous across 
the bedrock valley and the 
area west of the bedrock 
valley 
(columns 46-72) 

-.00108 
-.00489 

-H.01212 

i__ 

-48.8 
-H104.4 

-.0121 -98.1 -.003781 -99.5 

' Indicates not applicable because boundaries for layer 5 in the calibrated simulation were zero-flux (no-flow) boundaries. 



Figure 16.—Path-line plot representing movement through the drift and Platteville aquifer system 

of recharge water derived from the infiltration of precipitation with the vertical 

hydraulic conductivity of the lower drift confining unit increased by a factor of 100 in 

the western part of the modeled cross-section 
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The effect of varying the areal extent of the Glenwood Shale confining unit and the bedrock 

valley on calculated hydraulic heads and simulated ground-water flow in the drift and PlattevUle 

aquifer system was investigated. This was done by vaiying the representation of the areal extent of 

the Glenwood Shale confining unit in the cross-section model. The Glenwood Shale confining unit is 

absent in an area immediately to the west of and through the bedrock valley, allowing the PlattevUle 

aquifer to directly overlie the St. Peter aquifer. In the model the Glenwood Shale confining unit is not 

represented in columns 46 to 72. A hypothetical extension of the confining unit was simulated by 

decreasing the vertical hydraulic conductivity used in the vertical leakance term calculation for 

model layers 6 and 7 to .00001 ft/d in columns 46 to 62. The same hydrologic conditions at the 

ecistem cross-section model boundary were imposed as for the calibrated best-fit simulation. A 

spedfied-head botmdary condition was used for the eastern botmdaries of the lower drift confining 

unit and the lower drift aquifer (model layers 4 and 5, respectively) and spedfied-head values 

corresponding to the calibrated best-fit hydraulic heads were used. Simulating a hypothetical 

extension of the Glenwood Shale confining unit west of the bedrock valley resulted in mean rises in 

calculated hydraulic heads in the drift and PlattevUle aquifer system (model layers 1-6) ranging from 

0.3 ft in the middle drift aqiiifer (model layer 3) to 0.7 ft in the lower drift aquifer (table 7). Calculated 

hydraiUic heads in the St. Peter aquifer were 0.1 to 3.1 ft lower, with the mean decrease for the aquifer 

being 1.5 ft. 

W 

Subject to 
DO NOT QUOTE OR RELEASE 

Pending Approval by 
y. s. Geological ourvey 

90 



As a result of simulating a hypothetical extension of the Glenwood Shale confining unit in 

columns 46 to 62, the net boundary flow for the Plattevflle aquifer (model layer 6) decreased by about 

18 percent (table 8). Boundary outflow from the Plattevflle aquifer increased by 5 percent due to 

about a 35 percent reduction in the amount of water leaking to the underlying St. Peter aquifer 

(model layer 7). The net botmdary flow for the St. Peter aquifer increased by about 37 percent. 

Boimdary outflow from the St. Peter aquifer decreased by 15 percent. The amount of water leaking 

from the drift and Plattevflle aquifer system (model layers 1-6) to the St. Peter aquifer through the 

bedrock vaUey more than doubled (increased by about 108 percent, table 6), even though the total 

amoimt of water leaking from the drift and Plattevflle aquifer system to the St. Peter aquifer 

decreased by about 35 percent. The additional water leaking to the underljing St. Peter aquifer 

through the bedrock valley was derived from water that was impeded from leaking downward west 

of the bedrock valley by the simulated extension of the Glenwood Shale confining unit. 

A second hypothetical variation of the extent of the Glenwood Shale confining unit was 

simulated. In this simiflation the vertical hydraulic conductivity used in the vertical leakance term 

calculation for model layers 6 and 7 was decreased to .00001 ft/d in columns 63 to 72. In effect, the 

Glenwood Shale confining unit was modeled as underlying the bedrock vaUey. This simulation 

resulted in mean rises in calciflated hydraulic heads in the drift and Plattevflle aquifer system (model 

layers 1-6) of about 0.1 ft, with deviations from calibrated best-fit hydraulic heads ranging from 0 to 

0.5 ft (table 7). Calculated hydraulic heads in the St. Peter aquifer (model layer 7) were 0 to 0.9 ft 

lower, with the mean decrease for the aquifer being 0.3 ft. 
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As a result of simulating a hypothetical extension of the Glenwood Shale confining unit in 

columns 63 to 72, the net boundary flow for the Platteville aquifer (model layer 6) decreased by about 

9 percent (table 8). Boundary outflow from the Platteville aquifer increased by 8 percent, primarily 

due to about a 14 percent reduction in the amoimt of water leaking to the underlying St. Peter aquifer 

(model layer 7). The leakage of water from the drift and Platteville aquifer system (model layers 1-6) 

to the St. Peter aquifer that was calculated as occurring through the bedrock vaUey was greatly 

reduced (decreased by 99.8 percent, table 8). As a result, the water that was impeded from leaking 

downward through the bedrock valley discharged from the drift and Platteville aquifer system by 

boundary outflow. Net boimdary flow for the St. Peter aquifer increased by about 15 percent, and 

boundary outflow from the St. Peter aquifer decreased by 12 percent. 

A third hypothetical variation of the extent of the Glenwood Shale confining unit wais simulated 

by decreasing the vertical hydraulic conductivity used in the vertical leakance term calculation for 

model layers 6 and 7 to 0.00001 ft/d in columns 46 to 72; this, in effect, made the Glenwood Shale 

confining unit continuous along the entire cross-section. This simulation resulted in mean rises in 

calculated hydraulic heads in the drift and Platteville aquifer system ranging from 0.7 ft in the upper 

drift aquifer (model layer 1) to 1.3 ft in the lower drift and Platteville aquifers (model layers 5 and 6, 

respectively) (table 7). Calculated hydraulic heads in the St. Peter aquifer (model layer 7) were as 

much as 6.0 ft lower, with the mean decrease for the aquifer being 3.4 ft. 
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As a resiilt of simulating a hypothetieal extension of the Glenwood Shale confining unit in 

columns 46 to 72, the net bovmdary flow for the Platteville aquifer (model layer 6) decreased by about 

49 percent (table 8). Boundary outflow from the PlatteviUe aquifer increased by 43 percent due to a 

large reduction (about 98 percent) in the amoimt of water leaking to the imderlying St. Peter aquifer 

(model layer 7). The water impeded from leaking downward from the drift and Platteville aquifer 

system (model layers 1-6) to the St. Peter aquifer was discharged by botmdary outflow, 

predominantly through the Platteville aquifer. The net boimdary flow for the St. Peter aquifer more 

than doubled (increased by about 104 percent, table 8). Boundary outflow from the St. Peter aquifer 

was reduced by 59 percent. 

Impliccitions For Migration Of Coal-Tar Derivatives 

Based on historical data gathered prior to 1989, the MPCA inferred an area of contamination in 

the drift and Platteville aquifer system, including the southern portion of the plant site and areas to 

the south and east (fig. 17). The axis of the contamination plume is coincident with the direction of 

ground-water movement (east and southeast) in the drift and Platteville aquifer system near the plant 

site. Dissolved contaminants are carried with the groimd water, but generally at a much lower 

velocity (Freeze and Cherry, 1979). Within the drift and Platteville aquifer system, the velocity of 

contaminants (polynuclear aromatic hydrocarbons (PAH) and phenolics) is estimated to be at least 20 

to 25 times slower than the velocity of the ground water (Environmental Research and Technology, 

1983). 

FIGURE 17.-NEARHERE. 
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Figure 17.—Map showing inferred area of contamination in drift and Platteville aquifer system 

reported by the Minnesota Pollution Control Agency 
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Inorganic constituents in ground water in the drift and PlattevUle aquifer system were selected 

as tracers by Hult (1984) to evaluate transport processes because concentrations of organic 

contaminants in the aquifer system were very smaU. Data presented by Hult (1984) showed that the 

concentrations of several inorganic constituents near a bedrock valley southeast of the plant site were 

greater than those in ambient ground water. The distribution and concentration of inorganic 

constituents including sodium, nitrogen species (ammonia, nitrite, and nitrate), sulfur (sulfide and 

sulfate), dissolved oxygen, manganese, and iron suggest the main body of the organic-contaminant 

plume is affected by downward movement of water into the St. Peter aquifer in the vicinity of 

bedrock valleys. The concentrations of several inorganic constituents from the plant site decreased 

downgradient in the drift aqiiifers. 

Decreased concentrations of contaminants downgradient, however, does not necessarily reflect 

retardation or sorption of solute. Contaminants may undergo chemical reactions, physical 

transformations, or be diluted by mixing (dispersion). Dispersion occurs because of mechanical 

mixing during fluid advection and because of molecular diffusion due to the thermal-kinetic energy 

of the solute particles (Freeze and Cherry, 1979). 

An imdissolved liquid mixture of many individual coal-tar compounds, referred to as a 

hydrocarbon fluid phase, is in the drift beneath and near the plant site. In the saturated zone, this 

hydrocarbon fluid phase has moved vertically downward relative to the direction of ground-water 

flow because it is denser than water. The vertical movement of water and contaminants, both 

hydrocarbon fluid phase and dissolved contaminants, through the drift and Plattevflle aquifer system 

is influenced by the hydraulic properties, sorption characteristics, and presence or absence of 

confiiung units. 
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The study and cross-section model simulations have resulted in increased knowledge of (1) the 

extent and hydraulic properties of the hydrogeologic iinits comprising the drift and PlatteviUe 

aquifer system, particularly the confining units; and (2) local ground-water flow through the aquifer 

system. The cross-section model results indicate that reasonable estimates of vertical hydraulic 

conductivities for the drift confining units, a hydraulic property spanning orders of magnitude and 

involving much uncertainty as to correct values, were obtained. The cross-section model simulations 

indicate that by increasing the vertical hydraulic conductivity of a confining unit greater downward 

movement of water from overlying to underlying aquifers would result. Increasing the vertical 

hydraulic conductivity of confining units in the drift and Plattevflle aqiufer system (model layers 1-6) 

by a factor of 10 resulted in increases in net flux across the lower boundaries of adjacent aquifers 

ranging from about 2 percent for the middle drift aquifer (model layer 3) to about 24 percent for the 

Plattevflle aquifer (model layer 6). The increased vertical movement of grotmd water would 

presumably result in increased vertical movement of contaminants. 
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The model simulations indicate that most of the vertical movement of water downward 

through the drift and Platteville aquifer system occurs southeast of the plant site near the bedrock 

valley. Groimd-water flow vertically downward from the unconfined aquifer underlying the plant 

site is greatly impeded by the upper drift confining unit. The model simulated that about 56 percent 

of the leakage of water through the upper drift confining unit occurred in model columns 46 to 80. 

About 48 percent of the downward leakage of water through the lower drift confining unit also 

occurred in the eastern part of the cross-section (columns 46 to 91). This is because the till and clay 

comprising the confining unit in this area is sandier and has a greater vertical hydraulic conductivity 

than in the western part. Of the water that leaks downward through the lower drift confining unit in 

the western part of the cross-section (columns 1 to 45), about 93 percent occurs in columns 17 to 21 

because of thinning of the confining unit and increased sand content. The model simulations indicate 

that the potential for the vertical movement of contaminants through the drift and Platteville aquifer 

system is greater southeast of the plant site than directly beneath the plant site, which is the source 

area of the contaminants. 

The bedrock valleys, which were formed by erosion and subsequently filled with permeable 

glacial drift, have the potential for increasing vertical movement of groimd water between the drift 

and Platteville aquifer system and the St. Peter aquifer. 
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The cross-section model simulations done for this study indicate the presence or absence of the 

Glenwood Shale confining unit affects the downward movement of water from the drift and 

PlatteviUe aquifer system to the underlying St. Peter aquifer. About 99 percent of the leakage to the 

St. Peter aquifer (model layer 7) along the cross-section model occurs in areas where this confining 

unit is absent. The results of the model simulations, when combined with data presented by Hult 

(1984), indicate that increased vertical ground-water flow from the drift and PlatteviUe aquifer system 

to imderlying bedrock aquifers through bedrock vaUeys results in elevated concentrations and 

greater vertical movement of contaminants near the vaUey. Bedrock vaUeys, therefore, could be major 

pathways for the vertical movement of contaminants through the drift and PlatteviUe aquifer system 

to the imderlying bedrock aquifers. 

The results of the model sensitivity analysis and the simulations of hypothetical variations of 

the extent of the confining units indicate that the calculated steady-state hydrauUc heads are 

relatively insensitive to large changes in the hydrauUc properties and the extent and continuity of 

confining units. Simulated ground-water flow, however, was significantly affected by these changes, 

espedaUy by varying the areal extent of the Glenwood Shale confining unit. Additional test drilling 

to locate discontinuities in confining units might be necessary to ascertain the potential for the 

vertical movement of contaminants through the drift and PlatteviUe aquifer system. The cross-

section model results indicate that field measurements of hydrauUc head might not help locate 

discontinuities in confining units in this hydrogeologic setting. 
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The cross-section model results are limited in terms of describing the hydrogeology at the plant 

site. The model represents a two-dimensional section of the drift and Platteville aquifer system along 

the principal direction of flow in the aquifers. The model cannot represent converging or diverging 

flow that would be expected near a bedrock valley, or any flow tangent to the alignment of the flow 

tube. However, the modeling approach used is a valid method of conceptualizing vertical flow 

through the drift and Platteville aquifer system. The cross-section model integrates many interrelated 

factors of hydrogeology and the relative effects of discontinuities in confining units on ground-water 

flow and, presumably, contaminant migration. 

SUMMARY AND CONCLUSIONS 

The drift and Platteville aquifer system is composed of glacial drift and the underlying 

Platteville aquifer. Three aquifer units and two confining units have been defined within the drift 

underlying the area near the site of a former coal-tar distillation and wood-preserving plant in St. 

Louis Park, Minnesota. The aquifer units, in descending order, are the upper drift, middle drift, and 

lower drift aquifers. The confining units, in descending order are the upper drift and lower drift 

confining units. 

The upper drift aquifer ranges in composition from peat to sand and gravel, with a maximum 

saturated thickness of 25 ft. The hydraulic conductivity of the aquifer ranges from about 1 to 25 ft/d 

in the peat areas and from about 50 to 400 ft/d in the sand and gravel areas. The saturated thickness 

of the middle drift aquifer ranges from about 5 to 80 ft, but generally is 20 to 30 ft in areas where the 

aqififer is both overlaid and underlain by a confining unit. The composition of the aquifer varies from 

silty sand to medium-to-coarse sand and fine gravel, with a range in hydraulic conductivity from 

about 50 to 500 ft/d. The lower drift aquifer consists of discontinuous sand and gravel deposits 

overlying Platteville Limestone bedrock and has a maximum saturated thickness of about 20 ft. The 

aquifer generally is present in a northwest-to-southeast trending band (about 0.3 to 1.0 miles wide) 

transecting the former plant site and generally is absent outside this band. 
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The upper drift confming unit is a discontinuous bed of lake deposits, sUty to sandy day, and 

till underlying the upper drift aquifer. The upper drift confming unit generally is less than 20-ft thick, 

but may be as much as 62-ft thick. The lower drift confining unit imderlies the nuddle drift aquifer 

and consists of sandy to sUty clay and till ranging in thickness from 0 to 50 ft. Reported vertical 

hydraulic conductivities for days and tiUs with varying amoimts of sand range from 0.00004 to 0.2 

ft/d. 

The drift in the study area is imderlain by two subcropping bedrock aquifers, the PlatteviUe and 

the St. Peter. The PlattevUle aquifer and underlying Glenwood Shale confining unit are dissected by 

bedrock vaUeys in the central and southeastern parts of the study area. The valleys are filled with 

drift. The thickness of the PlatteviUe aquifer ranges fromO to about 30 ft, with a reported 

transmissivity of about 9,000 ft^/d. The Glenwood Shale confining unit ranges from 0 to about 15 ft 

in thickness and has a vertical hydraulic conductivity estimated to be about 10"^° ft/s. 

Water in the drift and PlattevUle aquifer system in the study area generaUy flows from the west 

to east imder a hydraiUic gradient of about 10 ft/mi. Southeast of the plant site water in the drift and 

PlattevUle aquifer system generaUy flows from the northwest to the southeast. Sources of recharge to 

the drift and PlattevUle aquifer system are infiltration of precipitation at the land surface, and 

ground-water inflow to the drift and PlattevUle aquifers from the west. Discharge from the drift and 

PlattevUle aquifer system is by ground-water outflow from the drift and PlattevUle aquifers to the 

east, ground-water discharge to surface-water bodies, ground-water evapotranspiration, and ground­

water withdrawals by weUs. Water also discharges from the drift and PlattevUle aquifer system by 

the downward leakage of water to the imderlying St. Peter aquifer. 
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Ground-water flow predonrinantly is horizontal in aquifers and predominantly vertical in 

confining units. The confining units control the vertical movement of water through the drift and 

Platteville aquifer system. Water leaks downward from (1) the uhconfined drift aquifer to the middle 

drift aquifer through the upper drift confining unit, (2) the middle drift aquifer to the lower drift 

aquifer, where present, or the Platteville aquifer through the lower drift confining unit, and (3) the 

Platteville aquifer to the St. Peter aquifer through the Glenwood Shale confining unit, where present. 

The amoimt of leakage depends on the vertical hydraulic conductivity, the thickness of the confining 

unit, and the difference in hydraulic heads between the adjacent aquifers. Discontinuities in the 

confining units greatly affect patterns of flow in the drift and Platteville aquifer system because the 

vertical hydraulic conductivity of the material filling the discontinuity generally is much greater than 

that of the confining unit. 

A numerical cross-section ground-water-flow computer model was constructed and calibrated 

for steady-state conditions. The cross-section model was used to test hydrologic concepts of flow 

through the drift and Platteville aquifer system in the study area, particularly the influence of 

confining units and bedrock valleys on vertical flow. The model contains eight layers that represent, 

in descending order: (1) the upper drift aquifer, (2) the upper drift confining unit, (3) the middle drift 

aquifer, (4) the lower drift confining unit, (5) the lower drift aquifer, (6) the Platteville aquifer, (7) the 

St. Peter aquifer, and (8) the Prairie du Chien-Jordan aquifer. The Glenwood Shale confining unit and 

basal St. Peter confining unit are represented in the model by leakage terms that incorporate the 

thickness and vertical hydraulic conductivity of the unit in each model cell. The simulated recharge 

to the drift and Platteville aquifer system by precipitation represents the net difference between 

precipitation and evapotranspiration losses occurring both in the unsatvuated zone and at the water 

table. Measured hydraulic heads in the drift and Platteville aquifer system during December 1987, 

were used to define boundary conditions and calibrate the model. 
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The model was calibrated by var)dng the values of horizontal and vertical hydraulic 

conductivities of the hydrogeologic units and recharge to the drift and PlattevQle aquifer system until 

calculated hydraulic heads acceptably matched measured water levels in weUs along the cross-

section. The best-fit calculated hydraulic heads in the drift and Platteville aquifer system generally 

were within 0.2 ft of measured water levels in wells along the cross-section. The mean difference 

between calculated and measured hydraulic heads, calculated as the sum of the absolute values of the 

differences divided by the number of wells, was 0.18 ft. The best-fit calibrated value for recharge to 

the drift and Platteville aquifer system was 6.0 in/yr. 

A model-sensitivity analysis, wherein a single hydrologic property was varied while all other 

properties were held constant, was done to identify the relative effect of adjustments of hydrologic 

properties on calculated hydraulic heads. The sensitivity analysis indicated that calculated hydraulic 

heads in the drift and Platteville aquifer system were most sensitive to variations in (1) the horizontal 

hydraulic conductivities of the middle drift aquifer, (2) the transmissivities of the Platteville and St. 

Peter aquifers, (3) the vertical hydraulic conductivities of the lower drift confining unit, (4) the 

vertical hydraulic conductivity of the drift material filling the bedrock vaUey where the Platteville 

aquifer and Glenwood Shale confining unit are absent, (5) the vertical hydraulic conductivity of the 

basal St. Peter confining unit, and (6) recharge. The calculated steady-state hydraulic heads, in 

general, were relatively insensitive to large changes in the hydraulic properties of the hydrogeologic 

units, whereas groimd-water flow in the drift and Platteville aquifer system was significantly 

affected. 
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The water budget calculated using the cross-section model shows that recharge to the 

uppermost model layers from the infiltration of precipitation accounts for about 41 percent of the 

total sources of water and boundary inflow from the west accounts for about 59 percent. Boundary 

inflow to the middle drift aquifer accounts for nearly 32 percent of the total sources of water. The 

only discharges are boimdary outflows from the eastern end of the cross-section model. About 70 

percent of the boundary outflow discharges from the PlatteviUe and St. Peter aquifers. Of the 

remaining 30 percent, about 21 percent discharges from the middle drift aquifer and about 9 percent 

discharges from the Prairie du Ouen-Jordan aquifer. 

The water entering the drift and PlatteviUe aquifer system (excluding the underlying St. Peter 

and Prairie du Chien-Jordan aquifers) discharges from the system by (1) leakage to the imderlying St. 

Peter aquifer (about40 percent), (2) boundary outflow from the PlatteviUe aquifer (about 36 percent), 

and (3) boundary outflow from the middle drift aquifer (about 24 percent). The presence or absence 

of the Glenwood Shale confining unit strongly influences the amount and pattern of leakage from the 

drift and PlatteviUe aquifer system to the underlying St. Peter aquifer. About 99 percent of the total 

leakage to the St. Peter aquifer flows through the areas where the Glenwood Shale confining unit is 

absent or discontinuous. 

A particle-tracking post-processing program was used to compute ground-water-flow path 

lines based on output from the cross-section model. Plots of the computed path lines indicate that (1) 

most of the recharge to the drift and PlatteviUe aquifer system at the land surface moves horizontaUy 

in the western part of the cross-section and discharges from the drift and PlatteviUe aquifer system by 

boimdary outflow and leakage to the St. Peter aquifer in the eastern part, and (2) much of the water 

derived from boimdary inflow discharges by leakage to the St. Peter aquifer prior to reaching a 

bedrock vaUey in the eastern part of the cross-section. 
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The calibrated steady-state cross-section model was used to investigate the effects on calculated 

hydraulic heads and simulated ground-water flow in the drift and PlatteviUe aquifer system of 

h)rpothetical changes of the hydraulic properties of confining units and the areal extent of the 

Glen wood Shale confining unit. The hypothetical changes included (1) increasing the vertical 

hydraulic conductivity of the lower drift confining unit by a factor of 100 in the western part (model 

columns 1 to 60) of the cross-section, (2) representing the Glenwood Shale confining unit as 

continuous in the area west of the bedrock valley (model columns 46 to 62), (3) representing the 

Glenwood Shale confining unit as continuous across the bedrock valley (model columns 63 to 72), 

and (4) representing the Glenwood Shale confining unit as continuous across the bedrock valley and 

the area west of the bedrock vaUey (model columns 46 to 72), or along the entire cross-section. 

Increasing the vertical hydraulic conductivity of the lower drift confining unit in the western part of 

the cross-section resulted in: (1) mean changes in calculated hydraulic heads ranging from -0.8 ft in 

the upper drift aquifer to -t-0.6 ft in the lower drift aquifer, (2) increased leakage to the St. Peter aquifer 

(model layer 7) in the western part of the cross-section, and (3) decreased leakage to the St. Peter 

aquifer through the bedrock valley in the eastern part of the cross-section. 

A hypothetical extension of the Glenwood Shale confining unit along the entire cross-section 

resulted in rises in calculated hydraulic heads in the drift and PlattevUle aquifer system (model layers 

1-6). Mean rises ranged from 0.7 ft in the upper drift aquifer (model layer 1) to 1.3 ft in the lower drift 

and PlattevUle aquifers (model layers 5 and 6, respectively). There was a 98-percent reduction in the 

amount of water leaking from the PlattevUle aquifer to the underlying St. Peter aquifer (model layer 

7). The ground water impeded from leaking downward to the St. Peter aquifer was discharged by 

boundary outflow, predominantly through the PlattevUle aquifer. 
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A contaminant plume in the drift and Platteville aquifer system underlies the southern part of 

the plant site and areas to the south and east of the plant site. Dissolved contaminants are carried 

with the groimd water and therefore travel in the same direction, but generally at a much lower 

velocity. Also, the hydrocarbon-fluid phase has moved vertically downward relative to the direction 

of grotmd-water flow in the saturated zone beneath and near the plant site. The model simiilations 

indicate that the potential for the vertical movement of contaminants through the drift and Platteville 

aquifer system is greater southeast of the plant site near a bedrock valley than it is imderlying the 

plant site. 

Bedrock valleys were formed by erosion and subsequently filled with permeable glacial drift. 

Because the bedrock valleys have the potential for increasing vertical movement of groimd water 

between the drift and Platteville aquifer system and the St. Peter aquifer, they can facilitate the 

vertical movement of contaminants between the aquifers. Increased vertical ground-water flow from 

the drift and Platteville aquifer system through the bedrock valleys to underlying bedrock aquifers 

could result in both elevated concentrations and greater vertical movement of contaminants near the 

valleys. 

Additional test drilling to locate discontinuities in confining imits might be necessary to 

ascertain the potential for the vertical movement of contaminants through the drift and Platteville 

aquifer system. Results of the cross-section model simulations indicate that field measurements of 

hydraulic head might not help locate discontinuities in confining units in the hydrogeologic setting 

near the plant site. 
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LEAKAGE OF WATER BETWEEN MODEL LAYERS AND 

CALCULATION OF VERTICAL LEAKANCE TERMS 

Leakage of water between model layers is dependent on the thicknesses and vertical hydraulic 

conductivities of adjacent layers and the hydraulic head difference between adjacent layers. Vertical 

conductance terms are calculated within the model using data from an input array which 

incorporates both thickness and vertical hydraulic conductivity into a single term, and using 

horizontal areas calculated from cell dimensions. The input array contains values of vertical 

hydraulic conductivity divided by thickness, termed the vertical leakance, for each cell in a model 

layer. Each value of vertical leakance is for the interval between a layer and the layer below it; 

therefore, vertical leakance is not specified for the lowermost layer in the model. The expression for 

vertical leakance for the case in which two adjacent model layers are used to represent two vertically 

adjacent hydrogeologic units is: 

Vcont' T = —^ i 
i. j.k+2 f^^k+O 
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where Vconti,j,k+i/2 is the vertical leakance term for leakage between model layers k and k+1; 

Avk is the thickness of model layer k; 

Avk+i is the thickness of model layer k+1; 

Kzi,j,k is the vertical hydraulic conductivity of the upper layer in cell i,j, k; and 

Kzi,j,k+i is the vertical hydraulic conductivity of the lower layer in cell 
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The above relation was used to calculate vertical leakance terms for each layer and cell in the 

model, except for the St. Peter aquifer model layer, and the lowermost layer, the Prairie du Chien-

Jordan aquifer. 

The thicknesses of each model layer (hydrogeologic unit) by model ceU are given below in feet: 
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Model Layer 1 (Upper drift aquifer) 
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Model layer 3 (Middle drift aquifer) 
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Model layer 4 (Lower drift confining unit) 
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Model layer 5 (Lower drive aquifer) 
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Model layer 6 (Plotteville aquifer) 
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The vcilues for vertical hydraulic conductivities from the calibrated best-fit simulation for each model layer (hydrogeologic unit) by 

model cell are given below in feet per day: 

Model layer 1 (Upper drift aquifer) 
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Model layer 2 (Upper drift confining unit) 
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Model layer 3 (Middle drift aquifer) 
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Column 49 Column 50 Column 51 Column 52 Column 53 Column 54 Column 55 Column 56 Column 57 Column 58 Column 59 Column 60 Column 61 Column 62 Column 63 Column 64 

5 5 5 5 5 5 5 5 5 5 5 5 10 10 10 10 

Column 65 Column 66 Column 67 Column 68 Column 69 Column 70 Column 71 Column 72 Column 73 Column 74 Column 75 Column 76 Column 77 Column 78 Column 79 Column 80 

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

Column 81 Column 82 Column 83 Column 84 Column 85 Column 86 Column 87 Column 88 Column 89 Column 90 

15 15 15 15 15 20 20 20 20 20 
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Model layer 4 (Lower drift confining unit) 

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7 Column 8 Column 9 Column 10 Column 11 Column 12 Column 13 Colunm 14 Column 15 Colunm 16 

0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

Column 17 Column 18 Column 19 Column 20 Column 21 Column 22 Column 23 Column 24 Colunm 25 Colunm 26 Column 27 Column 28 Colunm 29 Column 30 Column 31 Colunm 32 

.002 .004 .004 .004 .004 .0002 .0002 .0002 .0002 .0002 .0002 .0002 .0002 .0002 .0002 .0002 

Column 33 Colunm 34 Column 35 Colunm 36 Column 37 Column 38 Colunm 39 Column 40 Colunm 41 Colunm 42 Column 43 Colunm 44 Column 45 Colunm 46 Colunm 47 Column 48 

.0002 .0002 .0002 .0002 .0004 .0004 .0004 .0004 .0004 .0004 .0004 .0004 .0004 .0004 .0004 .0004 

Column 49 Column SO Column 51 Column 52 Column 53 Column 54 Column 55 Column 56 Column 57 Column 58 Column 59 Column 60 Column 61 Column 62 Column 63 Colunm 64 

.0004 .0004 .0004 .01 .01 .01 .01 .01 .01 .01 .01 .01 .2 .2 .2 .2 

Column 65 Column 66 Column 67 Column 68 Column 69 Column 70 Column 71 Column 72 Column 73 Column 74 Column 75 Colunm 76 Column 77 Colunm 78 Column 79 Colunm 80 

.2 .2 .2 .2 .18 .18 .18 .18 .18 .18 .18 .18 .18 .18 .18 .18 

Column 81 Column 82 Column 83 Column 84 Column 85 Column 86 Column 87 Column 88 Column 89 Column 90 

.02 .02 .02 .02 .02 .02 .02 .02 .02 .02 
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Model layer 5 (Lower drift aquifer) 

NJ 

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7 Column 8 Column 9 Column 10 Column 11 Column 12 Column 13 Col^n 14 Column 15 Column 16 

0.02 0.02 0.02 0.02 0.02 10 20 20 20 20 20 20 20 20 20 20 

Column 17 Colunm 18 Column 19 Column 20 Column 21 Column 22 Column 23 Colunm 24 Colunm 25 Column 26 Column 27 Column 28 Colunm 29 Column 30 Colunm 31 Column 32 

.02 .02 .02 40 40 40 40 40 40 40 40 40 40 40 40 40 

Column 33 Column 34 Column 35 Column 36 Column 37 Colunm 38 Column 39 Colunm 40 Colunm 41 Colunm 42 Colunm 43 Column 44 Colunm 45 Column 46 Colunm 47 Column 48 

40 50 50 10 10 10 10 10 10 10 10 10 10 30 30 30 

Column 49 Column 50 Column 51 Column 52 Colunm 53 Colunm 54 Column 55 Column 56 Column 57 Column 58 Column 59 Colunm 60 Column 61 Column 62 Colunm 63 Column 64 

30 30 30 30 30 30 30 30 30 30 30 30 10 10 .04 .04 

Column 65 Column 66 Column 67 Column 68 Column 69 Column 70 Column 71 Column 72 Column 73 Column 74 Column 75 Column 76 Column 77 Column 78 Column 79 Column 80 

.04 .04 .04 .04 .04 .04 .04 .04 10 10 5 5 5 5 5 5 

Colunm 81 Column 82 Column 83 Column 84 Column 85 Column 86 Column 87 Column 88 Column 89 Column 90 

55 55555555 
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Model layer 6 (Plotteville aquifer) 

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7 Column 8 Column 9 Column 10 Colunm 11 Column 12 Colunm 13 Column 14 Column 15 Column 16 

2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 

Column 17 Column 18 Column 19 Column 20 Column 21 Column 22 Column 23 Column 24 Column 25 Column 26 Colunm 27 Colunm 28 Colunm 29 Colunm 30 Colunm 31 Column 32 

2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 Z75 2.75 2.75 2.75 2.75 

Column 33 Colunm 34 Column 35 Column 36 Column 37 Colunm 38 Column 39 Column 40 Column 41 Colunm 42 Colunm 43 Column 44 Colunm 45 Colunm 46 Column 47 Column 48 

2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 

Column 49 Column 50 Column 51 Column 52 Column 53 Column 54 Column 55 Colunm 56 Column 57 Column 58 Column 59 Column 60 Column 61 Column 62 Colunm 63 Column 64 

2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 .04 .04 

Column 65 Column 66 Column 67 Column 68 Column 69 Column 70 Column 71 Column 72 Column 73 Column 74 Column 75 Column 76 Column 77 Column 78 Column 79 Column 80 

.04 .04 .04 .40 .04 .04 .04 .04 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 

Column 81 Column 82 Column 83 Column 84 Column 85 Column 86 Column 87 Column 88 Column 89 Column 90 

2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 
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The Gl^wood Shale confining unit, which underlies the Platteville aquifer and the basal St. 

Peter confining unit, which underlies the St. Peter aquifer are not represented as layers in the model. 

Ground-water flow in these confining units is predominantly vertical, with no significant horizontal 

component of flow. The assumption is made that these confining units make no measurable 

contribution to the horizontal conductance of the overlying and underl)dng layers. In each case, the 

confining unit is treated simply as the vertical conductance between the overlying and tmderlying 

aquifers. This formulation for the treatment of confining units is frequently referred to as the "quasi-

three-dimensional" approach (McDonald and Harbaugh, 1988). The expression for vertical leakance 

in this case, in which a confining unit separates two aquifers and is not represented as a layer in the 

model, reduces to: 

Vc0nti,jjc+1/2=K2C/Azc 

where Vconti,j,k+i/2 is the vertical leakance term for leakage between model layers k and k+1 

(aquifers overlying and underlying the confining unit); 

Kjc is the vertical hydraulic conductivity of the confining unit; and 

Az,. is the thickness of the confining unit, 

assuming that the vertical hydraulic conductivity of the confining unit is much smaller than the vertical 

hydraulic conductivities of the aquifers. The above relation was used to calculate vertical leakance terms 

for model layers 6 and 7, representing the Platteville and St. Peter aquifers, respectively. 

00 NO"'' °^°fr,va\ bv Director, 
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MODEL INPUT DATA USED FOR CALIBRATED STEADY-STATE 

CROSS-SECTION MODEL 

Listings 1 to 5 contain values for a particular modular-model package as defined by McDonald and 

Harbaugh (1988). Listing 6 contains values for the main data file reqioired to compute path lines as defined 

by Pollock (1989). 

Listing 1. Input values for the BASIC package of the MODULAR program. 

2. Input values for the BCF package of the MODULAR program. 

3. Input values for the RECHARGE package of the MODULAR program. 

4. Input values for SSOR package of the MODULAR program. 

5. Input values for the Output Control Option of the BASIC package of the 

MODULAR program. 

6. Input values for the main data file of the particle-tracking post-processing program. 

Subiect to Revision 
DO NOT QUOTE OB RE'-Ef aE 

Pending Approval by U»e«o'. 
u. s. Geological Survuy 
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Listing 1. Input values for the BASIC package of the MODULAR program 

ST. LOUIS PARK CROSS-SECnON MODEL STEADY STATE 8-LAYERS 

8 1 91 1 1 
)7 00 00 00 00 

o
 

O
 

o
 09 00 00 10 13 

0 1 
5 1 (2014) -1 BOUNDARY ARRAY 1 

-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 

5 1 (2014) -1 BOUNDARY ARRAY 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 • 1 1 1 1 1 1 • 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 0 0 0 0 0 0 0 0 0 0 

5 1 (2014) -1 BOUNDARY ARRAY 3 
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 - 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 -1 

5 1 (2014) -1 BOUNDARY ARRAY 4 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 

5 1 (2014) -1 BOUNDARY ARRAY 5 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 "1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 

5 1 (2014) -1 BOUNDARY ARRAY 6 
•1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 • 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 -1 

5 1 (2014) -1 BOUNDARY ARRAY 7 
•1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 • 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1- 1 -1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

(2014) 
1 1 
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Listing 1. Input values for the BASIC package of the MODULAR program-Continued 

999999999. 
5 1.0 (16F5.1) -1 START HEAD 1 

890.0890.0980.0890.0890.0890.0890.0890.0890.0890.0890.0890.0890.0890.0890.0890.0 
890.0890.0890.0890.0890.0890.0890.0890.0890.0890.0890.0891.0891.0891.0891.0891.0 
892.0892.0893.0894.0894.0895.0895.0895.0896.0897.0898.0900.0900.0900.0900.0900.0 
900.0900.0900.0900.0900.0900.0900.0900.0900.0900.0900.0900.0900.0900.0900.0900.0 
900.0900.0900.0900.0900.0900.0900.0900.0900.0900.0900.0900.0900.0900.0900.0900.0 
900.0900.0900.0900.0900.0900.0900.0900.0900.0900.0900.0 

5 1.0 (16F5.1) -1 START HEAD 2 
888.8888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0 
888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0 
885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0 
880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0 
875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0 
872.5872.5872.5872.5872.5872.5872.5872.5872.5872.5870.9 

5 1.0 (16F5.1) -1 START HEAD 3 
888.8888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0 
888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0888.0 
885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0 
880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0 
875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0 
872.5872.5872.5872.5872.5872.5872.5872.5872.5872.5870.9 

5 1.0 (16F5.1) -1 START HEAD 4 
885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0 
885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0 
885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0 
880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0 
875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0 
872.5872.5872.5872.5872.5872.5872.5872.5872.5872.5868.6 

5 1.0 (16F5.1) -1 START HEAD 5 
884.9884.5884.5884.5884.5884.5884.5884.5884.5884.5884.5884.5884.5884.5884.5884.5 
884.5884.5884.5884.5884.5884.5884.5884.5884.5884.5884.5884.5884.5884.5884.5884.5 
884.5884.5884.5884.5884.5884.5884.5884.5884.5884.5884.5884.5884.5884.5884.5884.5 
880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0 
875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0 
873.0873.0873.0873.0873.0873.0873.0873.0873.0873.0872.7 

5 1.0 (16F5.1) -1 START HEAD 6 
885.2885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0 
885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0 
885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0885.0 
880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0880.0 
875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0 
872.5872.5872.5872.5872.5872.5872.5872.5872.5872.5868.6 

5 1.0 {16F5.1) -1 START HEAD 7 
878.0877.0877.0877.0877.0877.0877.0877.0877.0877.0877.0877.0877.0877.0877.0877.0 
875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0 
875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0 
875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0875.0 
870.0870.0870.0870.0870.0870.0870.0870.0870.0870.0870.0870.0870.0870.0870.0870.0 
870.0870.0870.0870.0870.0870.0870.0870.0870.0870.0864.0 

5 1.0 (16F5.1) -1 START HEAD 8 
805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0 
805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0 
805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0 
805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0805.0 
804.0804.0804.0804.0804.0804.0804.0804.0804.0804.0804.0804.0804.0804.0804.0804.0 
803.0803.0803.0803.0803.0803.0803.0803.0803.0803.0803.0 _ 

1 PR0¥iS10IIAL 
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Listing 2. Input values for the BCF package of the MODULAR program 

13300000 

1.0 

300 300 
2 5 

200 200 
400 400 
400 400 

1.0 

53 

1.0 
1.0 
100. 
100. 

71.1574E-05 
300 300 300 
150 150 150 
200 200 200 
400 400 400 
400 400 400 

7 
.0 
0 
0 

1.0 1.0 
(8F5.1) 

1.0 1.0 

300 300 
150 150 

ANISOTROPy FACTORS 

(20F4.0) 
100 50 2 
150 150 150 

2 2 
150 150 

DELR 
DELC 
CONDI FAC 

2 2 2 2 2 
150 150 150 150 150 

-1 

200 200 200 200 200 200 200 200 200 200 300 300 
400 400 
400 400 

400 
10 

400 
10 

400 
10 

400 400 
10 

400 400 400 400 400 

1 
2 

150 
300 300 
400 400 

FT/DAY 
2 2 

150 150 
300 
400 

7 1.0 (20F4.0) -1 BOTTOM ELEV 
885 885 880 880 880 875 875 875 870 870 870 865 865 865 860 860 865 870 870 875 
875 875 875 875 875 875 875 875 875 875 875 875 875 875 875 875 875 875 875 875 
870 870 870 870 870 870 870 870 870 870 870 870 870 870 875 875 875 875 875 875 
875 875 880 880 880 880 880 880 885 890 890 890 890 890 890 890 890 895 895 895 
895 895 895 895 895 895 895 895 895 895 895 

7 1.0 
0.2569D-07 0 
0.1153D-06 0 
0.1006D-07 0 
0.7716D-08 0 
0.1653D-07 0 
0.2480D-04 0 
0.2170D-04 0 
0.1929D-04 0 
0.1781D-04 0 
0.1447D-04 0 
0.1218D-04 0 
0.2284D-06 0, 
0.2290D-06 0. 
0.2294D-06 0, 
0.1153D-06 0. 
0.1155D-06 0. 
0.1155D-06 0. 
0.5144D-04 0. 
0.2314D-07 

71.1574E-05 
20. 20. 20. 20. 20. 20. 
10. 10. 20. 20. 20. 20. 
20. 20. 20. 20. 20. 20. 
,20. 20. 20. 20. 20. 20. 
20.200.200.200.200.200 

(5G16 
4620D-
1154D-
8903D-
9448D-
1653D-
2170D-
2170D-
1929D-
17810-
1362D-
1157D-
2283D-
2290D-
2295D-
1154D-
1155D-
4209D-
5144D-

•07 
•06 
•08 
•08 
•07 
•04 
•04 
•04 
•04 
•04 
04 
06 
06 
06 
06 
06 
04 
04 

4) 
0.7690D-
0.1147D-
0.8903D-
0.1129D• 
0.2480D-
0.2170D-
0.2170D-
0.1929D-
0.1653D-
0.1362D-
0.1157D-
0.2281D-
0.2292D-
0.2295D-
0.1154D-
0.1155D-
0.4209D-
0.2314D-

-1 
•07 
•06 
•08 
•07 
•04 
•04 
•04 
•04 
•04 
•04 
•04 
06 
06 
06 
06 
06 
04 
07 

(20F4.0) -1 
. 20. 20. 20. 20. 20. 30. 30, 
. 20. 20. 20. 20. 20. 20. 20. 
. 20. 20. 20. 20. 20. 20. 20, 
, 20. 20. 20. 20. 20. 20. 20, 
.200.200.200.200.200. 

VCONT LAYERS12 
0.7694D-07 
0.1132D-06 
0.8735D-08 
0.1157D-07 
0.2480D-04 
0.2170D-04 
0.2170D-04 
0.1736D-04 
0.1653D-04 
0.1286D-04 
0.1102D-04 
0.2281D-06 
0.2292D-06 
0.1153D-06 
0.1154D-06 
0.1155D-06 
0 .51440-04 
0.2314D-07 

0.7697D-07 
0.1006D-07 
0.7716D-08 
0.1447D-07 
0.2480D-04 
0.2170D-04 
0.2170D-04 
0.2284D-06 
0.1543D-04 
0.1286D-04 
0.22720-06 
0.22810-06 
0.22930-06 
0.11530-06 
0.11550-06 
0.11550-06 
0.51440-04 
0.2314O-07 

C0NO2 FAC 1 FT/OAY 
30. 30. 30. 30. 30. 10. 10. 
20. 20. 20. 20. 20. 20. 20. 
20. 20. 20. 20. 20. 20. 20. 
20. 20. 20. 20. 20. 20. 20. 

7 1.0 (20F4.0) -1 AQ. BOTTOM 
865.865.865.865.865.865.865.865.860.860.860.860.860.855.855.855.855.860.865.865. 
870.870.870.870.870.870.870.870.870.870.870.870.870.870.870.870.870.870.870.865. 
865.865.865.865.865.865.865.865.865.865.865.865.865.865.865.865.865.865.865.865. 
865.865.870.870.870.870.870.870.865.865.865.865.865.870.870.870.870.870.870.870. 
875.875.875.875.875.875.875.875.880.880.880. 

Subject to Revision ^ 
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u. S. Geological Survey 
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Listing 2. Input values for the BCF package of the MODULAR program-Continued 
1 1.0 (5G16 .4) -1 VCONT LAYERS23 

0 .25710-07 0. 46260-07 0.77070-07 0.77070-07 0.77070-07 
0.11550-06 0 .11550-06 0.11550-06 0.11550-06 0.2307O-06 
0.2307O-06 0 . 66140-04 0.66140-04 0.45970-06 0.66140-04 
0 . 66140-04 0. 45970-06' 0.4597O-06 0.66140-04 0.11560-06 
0. 82670-04 0. 82670-04 0.82670-04 0.82670-04 0.82670-04 
0.82670-04 0.8267O-04 0.82670-04 0.57870-04 0.57870-04 
0 .57870-04 0.57870-04 0.57870-04 0.5787O-04 0.57870-04 
0.57870-04 0. 48230-04: 0.4823D-04 0.48230-04 0.23060-06 
0.57870-05 0. 57870-05 0.57870-05 0.57870-05 0.57870-05 
0.5787D-05 0.5787D-05 0.57870-05 0.57870-05 0.57870-05 
0.57870-05 0.57870-05 0.57870-05 0.5787O-05 0.22260-06 
0.22260-06 0.22260-06 0.22260-06 0.22260-06 0.22260-06 
0.22690-06 0.22690-06 0.22610-06 0.22610-06 0.22610-06 
0.22610-06 0.22610-06 0.22610-06 0.11490-06 0.11490-06 
0.11490-06 0 .11490-06 0.11490-06 0.11460-06 0.11460-06 
0.11460-06 0.114 60-0 6 0.11460-06 0.11460-06 0.11460-06 
0.11480-06 0.12860-04 0.12860-04 0.12860-04 0.12860-04 
0 .16530-04 0 .16530-04 0.16530-04 0.13620-04 0.16530-04 
0.16530-04 

7 1.0 (20F4.0) -1 AQ. TOP 
885.885.880.880.880.875.875.875.870.870.870.865.865.865.860.860.865.870.870.875. 
875.875.875.875.875.875.875.875.875.875.875.875.875.875.875.875.875.875.875.875. 
870.870.870.870.870.870.870.870.870.870.870.870.870.870.875.875.875.875.875.875. 
875.875.880.880.880.880.880.880.885.890.890.890.890.890.890.890.890.895.895.895. 
895.895.895.900.900.900.900.900.900.900.900. 

71.1574E-03 (20F4.1) -1 
4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4 
5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.5 0.5 0.5 0.5 0.5 0 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1.5 1.5 1.5 1.5 1.5 2.0 2.0 2.0 2.6 2.0 2.0 

C0ND3 FAC 100 FT/DAY 
0 4.0 4.0 4.0 4.0 
0 5.0 5.0 5.0 5.0 
5 0.5 0.5 0.5 0.5 

1.0 1.0 1.0 1.0 

7 1.0 (20F4.0) -1 AQ. BOTTOM 
850.850.850. 850. 850. 850.850.845.845.845.845.845.845.840.840 .840.840.845.845.845. 
845.845.845.845.845.845.845.845.850.850.850.850.850.850.850.850.845.845.845.845. 
845.845.845.845.845.845.845.845.845.845.845.845.845.845.845.845.845.845.845.845. 
845.845.845.845.845.845.845.845.850.850.850.850.850.850.850.850.850.850.850.850. 
850.850.850.850.850.850.850.850.850.855.855. 

1.0 
0.2314D-
0.2314D-
0.2237D-
0.1138D-
0.0772D-
0.1929D-
0.3307D-
0.4630D-
0.6613D-
0.6613D-
0.6613D-
0.9629D-
0.1897D-
0.1891D-
0.1377D-
0.1372D-
0.1542D-
0.1542D-
0.1157D-

•09 
•09 
•09 
•06 
•05 
•09 
•09 
•09 
•09 
09 
09 
08 
06 
06 
06 
08 
08 
08 
08 

0.2314D• 
0.2314D• 
0.2237D-
0.0926D-
0.1929D-
0.2315D-
0.3307D-
0.9259D-
0.6613D-
0.6613D-
0.9629D-
0.9629D-
0.1897D-
0.1891D-
0.1377D-
0.1372D-
0.1542D-
0.1361D-

•09 
•09 
•09 
•05 
•09 
•09 
•09 
•09 
•09 
09 
09 
08 
06 
06 
06 
08 
08 
08 

(5G16 4) 
0.23140-
0.4625D-
0.2237D-
0.1323D-
0.1929D-
0.2315D-
0.3307D-
0.66140-
0.66130-
0.66130-
0.96290-
0.96290-
0.18910-
0.18910-
0.13770-
0.13720-
0.15420-
0.13610-
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-1 VCONT LAYERS34 
•09 0.23140-09 0.23140-09 
•09 0.11380-09 0.2237D-09 
•06 0.22370-06 0.22370-06 
•05 0.09260-05 0.07720-05 
•09 0.19290-09 0.19290-09 
•09 0.3307O-09 0.33070-09 
•09 0.3307O-09 0.46300-09 
•09 0.66140-09 0.66140-09 
•09 0.66130-09 0.66130-09 
•09 0.6613D-09 0.6613D-09 
•09 0.9629D-09 0.9629D-09 
•08 0.96290-08 0.96290-08 
•06 0.18910-06 0.18910-06 
•06 0.13770-06 0.13770-06 
06 0.13720-06 0.13720-06 
08 0.13720-08 0.13720-08 
08 0.15420-08 0.15420-08 
08 0.13600-08 0.11570-08 

Subject to Revision 
•DO NOT QUOTE OR RELE • 

Persding ApprovaJ byDirep-,;:;.., 
- I i P. iParAr-rri"-". 



Listing 2. Input values for the BCF package of the MODULAR program-Continued 
7 1.0 (20F4.0) -1 AQ. TOP 

865.865.865.865.865.865.865.865.860.860.860.860.860.855.855.855.855.860.865.865. 
870.870.870.870.870.870.870.870.870.870.870.870.870.870.870.870.870.870.870.865. 
865.865.865.865.865.865.865.865.865.865.865.865.865.865.865.865.865.865.865.865. 
865.865.870.870.870.870.870.870.865.865.865.865.865.870.870.870.870.870.870.870. 
875.875.875.875.875.875.875.875.880.880.880. 

71.1574E-05 ( 16F5.0) -1 TRANS4 FAC 1.0 FT2/DAY 
200 200 200 200 200 200 200 100 50 20 20 20 20 20 20 50 
100 150 375 375 375 375 375 375 375 375 400 400 300 300 300 300 
300 300 200 200 300 300 300 300 300 300 300 300 300 300 300 300 
300 300 300 750 750 750 750 750 750 750 750 750 750 750 750 750 
750 750 750 750 900 900 900 900 900 900 900 900 900 900 900 900 
300 300 300 300 300 300 350 350 350 400 400 

7 1 .0 (5G16.4) -1 VCONT LAYERS45 
0.1929D-09 
0 .2314D-09 
0 .21040-09 
0.1118D-07 
0.0772D-05 
0.1929D-09 
0.33070-09 
0.4630O-09 
0 . 66140-09 
0.66140-09 
0.66140-09 
0.96440-08 
0.18970-06 
0.18670-06 
0.17360-06 
0.13720-06 
0.15410-07 
0.15410-07 
0.11560-07 

0.19290-09 
0.23140-09 
0.21040-09 
0.0842O-05 
0.19290-09 
0.23150-09 
0.3307O-09 
0.92590-09 
0.66140-09 
0.66140-09 
0.96440-08 
0.96430-08 
0.1897O-06 
0.18670-06 
0.17360-06 
0.13720-06 
0.15410-07 
0.13610-07 

0.19290-09 
0.46250-09 
0.2104O-07 
0.1157O-05 
0.19290-09 
0.23150-09 
0.33070-09 
0. 66140-09 
0.66140-09 
0 . 66140-09 
0 . 96440-08 
0.9642O-08 
0.18670-06 
0 .18670-06 
0.1377O-06 
0.13720-06 
0.15410-07 
0.13610-07 

0.19290-
0.11180-
0.2104O-
0.0842O-
0.1929O-
0.3307O-
0.3307O-
0.66140-
0.6614O-
0.6614O-
0.9644O-
0.96420-
0.18670-
0.17360-
0.13770-
0.13720-
0.15410-
0.13610-

•09 
•09 
•07 
•05 
•09 
•09 
09 
09 
09 
09 
08 
08 
06 
06 
06 
06 
07 
07 

0, 
0, 
0. 
0, 
0, 
0. 
0. 
0, 
0, 
0, 
0, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

19290-09 
21040-09 
21040-07 
07720-05 
19290-09 
3307O-09 
46300-09 
66140-09 
66140-09 
66140-09 
96440-08 
96420-08 
18670-06 
17360-06 
13720-06 
13720-06 
15410-07 
11560-07 

71.1574E-05 (16F5. 0) -1 TRANS5 FAC 1.0 FT2/DAY 
50 50 50 • 50 50 500 2000 2000 3000 4000 4000 4000 4000 4000 4000 3000 
100 100 100 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 

4000 5000 5000 100 100 100 100 100 100 100 100 100 100 3000 3000 3000 
3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000 1125 1125 1125 750 
750 750 750 750 750 750 750 750 750 750 750 750 900 900 900 900 
900 900 900 900 900 900 900 900 900 900 900 

. A f, 

Subject to 
DO NOT QUOTE OR Hf-uEASE 

penclinp Approval by Director, 
u. S. Geciogical Survey 
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Listing 2. Input values for the BCF package of the MODULAR program-Continued 

7 1.0 (5G16.4) -1 VCONT LAYERS56 
0.1109D-09 0.1109D-09 0.1109D-09 0.1109D-09 0.1109D-09 
0 .3017D-09 0.2978D-09 0.2978D-09 0.2903D-09 0.38000-09 
0.3800D-06 0.3800D-06 0.3800D-06 ' 0 .38000-06 0.3800D-06 
0.3283D-05 0.4583D-05 0.4563D-05 0.4563D-05 0.45830-05 
0.4583D-05 0.4334D-06 0.4334D-06 0.4334D-06 0.43340-06 
0.4334D-06 0.4334D-06 0.4334D-06 0.4334D-06 0.43340-06 
0.4334D-06 0.4334D-06 0.4334D-06 0.4375D-06 0.4375D-06 
0.3800D-06 0.3800D-06 0.4216D-06 0.4859D-06 0.48590-06 
0.4859D-06 0.5735D-06 0.5735D-06 0.5735D-06 0. 69950-06 
0.7139D-06 0.7139D-06 0.9203D-06 0.9203D-06 0.92030-06 
0.9203D-06 0.9203D-06 0.1295D-04 0.1295D-04 0 .12950-04 
0.1295D-04 0.1939D-04 0.1661D-04 0.3472D-04 0 .34720-04 
0.1157D-04 0.1157D-04 0.1157D-06 0.1157D-06 0.1157O-06 
0.1157D-06 0.1157D-06 0.1157D-06 0.1157D-06 0.11570-06 
0.1157D-06 0.1157D-06 0.4596D-08 0.4596D-08 0.32640-08 
0.2496D-08 0.2496D-08 0.2496D-08 0.2496D-08 0.24960-08 
0.2496D-08 0.2496D-08 0.2496D-08 0.2496D-08 0.24960-08 
0.2496D-08 0.2867D-08 0.2867D-08 0.28670-08 0.24960-08 
0.2496D-08 

71.1574E-05 (16F5.0) -1 TRANS6 FAG 1.0 FT2/0AY 
6875 6875 6875 6875 6875 5500 5500 5500 5500 5500 5500 5500 5500 5500 5500 5500 
5500 5500. 5500 5500 4125 4125 4125 4125 4125 4125 4125 4125 4125 4125 4125 4125 
4125 4125 4125 4125 4125 3850 3575 3300 3300 3025 3025 2750 2475 2200 2200 1925 
1925 1925 1650 1650 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 
1500 1500 1500 1500 1500 1500 1500 1500 2600 2750 4125 5500 5500 5500 5500 5500 
5500 5500 5500 5500 5500 5500 5500 5500 5500 5500 5500 

0.2315D-
0.2315D-
0.2315D-
0.2315D-
0.2315D-
0.2315D-
0.2315D-
0.2315D-
0.2315D-
0.2894D-
0.2894D-
0.2894D-
0.2894D-
0.2300D-
0.2300D-
0.2315D-
0.2315D-
0.2315D-
0.2315D-

1.0 
•10 
•10 
•10 
•10 
•10 
•10 
•10 
•10 
•10 
•07 
•07 
07 
07 
07 
07 
10 
10 
10 
10 

(5G16 .4) -1 VCONT LAYERS 67 
0.23150-10 0.23150-10 0.23150-10 0.23150-10 
0.23150-10 0.23150-10 0.23150-10 0.23150-10 
0.23150-10 0.23150-10 0.23150-10 0.23150-10 
0.23150-10 0.23150-10 0.23150-10 0.23150-10 
0.23150-10 0.23150-10 0.23150-10 0 .23150-10 
0.23150-10 0.23150-10 •0.23150-10 0.23150-10 
0.2315D-10 0.23150-10 0.23150-10 0.23150-10 
0.23150-10 0 .23150-10 0.23150-10 0.23150-10 
0.23150-10 0.23150-10 0.23150-10 0.23150-10 
0.28940-07 0.2894O-07 0.28940-07 0.28940-07 
0.28940-07 0 .28940-07 0.28940-07 0.28940-07 
0.28940-07 0.28940-07 0.28940-07 0 .28940-07 
0.28940-07 0.23000-07 0.23000-07 0.23000-07 
0.23000-07 0.2300O-07 0.23000-07 0.23000-07 
0.2300O-07 0.23150-10 0.23150-10 0.23150-10 
0.23150-10 0 .23150-10 0 .23150-10 0.23150-10 
0.23150-10 0.23150-10 0.23150-10 0.23150-10 
0.23150-10 0.23150-10 0.23150-10 0.23150-10 

0 .03617 
01.1574E-11 
0 .12731 

TRANS7 25 FT/DAY 
VCONT LAYERS78 
TRANS8 55 FT/DAY 
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Listing 3. Input values for ttie RECHARGE package of ttie MODULAR program 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

3 
1 
91. 

.0 1.0 
,0 1.0 
,0 1.0 
,0 1.0 
,0 1.0 
,0 1.0 

1.0 
1.0 
1.0 
1.0 

,0 1.0 
,0 1.0 
,0 1.0 
0 1.0 

.0 1.0 

5855E-
1.0 1 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

53 
0 

08 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

.0 1.0 
,0 1.0 
,0 1.0 
.0 1.0 
,0 1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

,0 1.0 
,0 1.0 
,0 1.0 

(20F4. 
1.0 1.0 1 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 

1) 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

6.0 IN/YR 
1.0 l.'O 1.0 1.0 
1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 

1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 

1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 

0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 

1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 

1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 

1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 1.0 

Listing 4. Input values for ttie SSOR package of ttie MODULAR program 

75 
1.0 .01 

Listing 5. Input values for ttie Output Control Option of ttie BASIC package of ttie MODULAR program 

0 
-1 
1 

54 
-1 
1 

0 
-1 
1 

QHhiectxoBev^sion 
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Listing 6. Input values for the main data file of the particle-tracking post-processing program 

91 
53 

2 
54 

3 0 0 0 
0 0 0 1 

0 
0 
15 

885 880 
875 875 

870 870 870 
875 875 880 
895 895 895 

885 
875 

100. 0 
100. 0 
1.0 (20F4.0) 1 

880 880 875 875 875 870 870 870 865 865 
875 875 875 875 875 875 875 875 875 875 
870 870 870 870 870 870 870 870 870 870 
880 880 880 880 880 885 890 890 890 890 
895 895 895 895 895 895 895 895 

DELR 
DELC 

865 860 
875 875 875 
870 875 875 
890 890 890 

BOTT LI 
860 865 870 870 875 

875 875 875 875 
875 875 875 875 
890 895 895 895 

15 1.0 (20F4.0) 1 TOP L2 
885 885 880 880 880 875 875 875 870 870 870 865 865 865 860 860 865 870 870 875 
875 875 875 875 875 875 875 875 875 875 875 875 875 875 875 875 875 875 875 875 
870 870 870 870 870 870 870 870 870 870 870 870 870 870 875 875 875 875 875 875 
875 875 880 880 880 880 880 880 885 890 890 890 890 890 890 890 890 895 895 895 
895 895 895 895 895 895 895 895 895 895 895 

15 1.0 (20F4.0) 1 BOTT L2 
865.865.865.865.865.865.865.865.860.860.860.860.860.855.855.855.855.860.865.865. 
870.870.870.870.870.870.870.870.870.870.870.870.870.870.870.870.870.870.870.865. 
865.865.865.865.865.865.865.865.865.865.865.865.865.865.865.865.865.865.865.865. 
865.865.870.870.870.870.870.870.865.865.865.865.865.870.870.870.870.870.870.870. 
875.875.875.875.875.875.875.875.880.880.880. 

15 1.0 (20F4.0) 1 TOP L3 
865.865.865.865.865.865.865.865.860.860.860.860.860.855.855.855.855.860.865.865. 
870.870.870.870.870.870.870.870.870.870.870.870.870.870.870.870.870.870.870.865. 
865.865.865.865.865.865.865.865.865.865.865.865.865.865.865.865.865.865.865.865. 
865.865.870.870.870.870.870.870.865.865.865.865.865.870.870.870.870.870.870.870. 
875.875.875.875.875.875.875.875.880.880.880. 

15 1.0 (20F4.0) 1 BOTT L3 
850.850.850.850.850.850.850.845.845.845.845.845.845.840.840.840.840.845.845.845. 
845.845.845.845.845.845.845.845.850.850.850.850.850.850.850.850.845.845.845.845. 
845.845.845.845.845.845.845.845.845.845.845.845.845.845.845.845.845.845.845.845. 
845.845.845.845.845.845.845.845.850.850.850.850.850.850.850.850.850.850.850.850. 
850.850.850.850.850.850.850.850.850.855.855. 

15 1.0 (20F4.0) 1 TOP L4 
850.850.850.850.850.850.850.845.845.845.845.845.845.840.840.840.840.845.845.845. 
845.845.845.845.845.845.845.845.850.850.850.850.850.850.850.850.845.845.845.845. 
845.845.845.845.845.845.845.845.845.845.845.845.845.845.845.845.845.845.845.845. 
845.845.845.845.845.845.845.845.850.850.850.850.850.850.850.850.850.850.850.850. 
850.850.850.850.850.850.850.850.850.855.855. 

15 1.0 {20F4.0) 1 BOTT L4 
830 830 830 830 830 830 830 835 840 843 843 843 843 838 838 835 830 830 825 820 
820 820 820 820 820 820 825 825 835 835 835 835 835 835 840 840 835 830 830 830 
830 830 830 830 830 830 830 830 830 830 830 820 820 820 820 820 820 820 820 820 
820 820 820 820 820 820 820 820 820 820 820 820 820 820 820 820 820 820 820 820 
820 820 820 820 820 820 815 815 815 815 815 

15 1.0 (20F4.0) TOP L5 
830 830 830 830 830 830 830 835 840 843 843 843 843 838 838 835 830 830 825 820 
820 820 820 820 820 820 825 825 835 835 835 835 835 835 840 840 835 830 830 830 
830 830 830 830 830 830 830 830 830 830 830 820 820 820 820 820 820 820 820 820 
820 820 820 820 820 820 820 820 820 820 820 820 820 820 820 820 820 820 820 820 
820 820 820 820 820 820 815 815 815 815 815 p 

132 
Subject to Revision 

DO NOT QUOTE OR RELEA'-
Pending Approval by Directc. 



Listing 6. Input values for the main data file of the particle-tracking post-processing program-Continued 

15 1.0 (20F4.0) 1 BOTT L5 
825 825 825 825 825 825 820 825 825 823 823 823 823 818 818 820 820 820 815 810 
810 810 810 810 810 810 815 815 825 825 825 825 825 825 830 830 825 825 825 825 
825 825 825 825 825 820 820 820 820 820 820 810 810 810 810 810 805 800 800 800 
800 800 800 800 800 800 800 800 800 800 800 800 805 805 810 810 810 810 810 810 
810 810 810 810 810 810 810 810 810 805 805 

15 1.0 (20F4.0) 1 TOP L6 
825 825 825 825 825 825 820 825 825 823 823 823 823 818 818 820 820 820 815 810 
810 810 810 810 810 810 815 815 825 825 825 825 825 825 830 830 825 825 825 825 
825 825 825 825 825 820 820 820 820 820 820 810 810 810 810 810 805 800 800 800 
800 800 800 800 800 800 800 800 800 800 800 800 805 805 810 .810 810 810 810 810 
810 810 810 810 810 810 810 810 810 805 805 

15 1.0 (20F4.0) 1 BOTT L6 
800 800 800 800 800 805 800 805 805 808 808 808 808 803 803 805 805 800 795 795 
795 795 795 795 795 795 800 800 810 810 810 810 810 810 815 815 810 811 812 813 
813 814 814 815 816 812 812 813 813 .813 814 804 805 805 805 806 802 798 799. 799 
799 799 799 799 799 799 799 799 799 799 799 799 795 795 795 790 790 790 790 790 
790 790 790 790 790 790 790 790 790 785 785 

15 
795 795 795 795 
790 790 790 790 
808 809 809 810 
794 794 794 794 
785 785 785 785 

1.0 (20F4.0) 
795 800 795 800 800 803 803 
790 790 795 795 805 805 805 
811 807 807 808 808 808 809 
794 794 794 794 794 794 794 
785 785 785 785 785 780 780 

1 TOP L7 
803 803 798 798 800 800 795 790 790 
805 805 805 810 810 805 806 807 808 
799 800 800 800 801 797 793 794 794 
794 790 790 790 785 785 785 785 785 

15 
670 670 670 670 
665 665 665 665 
683 684 684 685 
669 669 669 669 
660 660 660 660 

1.0 (20F4.0) 
670 675 670 675 675 678 678 
665 665 670 670 680 680 680 
686 682 682 683 683 683 684 
669 669 669 669 669 669 669 
660 660 660 660 660 655 655 

1 BOTT L7 
678 678 673 673 675 675 670 665 665 
680 680 680 685 685 680 681 682 683 
674 675 675 675 676 672 668 669 669 
669 665 665 665 660 660 660 660 660 

15 
650 650 650 650 
645 645 645 645 
663 664 664 665 
649 649 649 649 
640 640 640 640 

1.0 (20F4.0) 
650 655 650 655 655 658 658 
645 645 650 650 660 660 660 
666 662 662 663 663 663 664 
649 649 649 649 649 649 649 
640 640 640 640 640 635 635 

1 TOP L8 
658 658 653 653 655 655 650 645 645 
660 660 660 665 665 660 661 662 663 
654 655 655 655 656 652 648 649 649 
649 645 645 645 640 640 640 640 640 

15 
610 610 610 610 
605 605 605 605 
623 624 624 625 
609 609 609 609 
600 600 600 600 

1.0 (20F4.0) 
610 615 610 615 615 618 618 
605 605 610 610 620 620 620 
626 622 622 623 623 623 624 
609 609 609 609 609 609 609 
600 600 600 600 600 595 595 

1 BOTT L8 
618 618 613 613 615 615 610 605 605 
620 620 620 625 625 620 621 622 623 
614 615 615 615 616 612 608 609 609 
609 605 605 605 600 600 600 600 600 

3¥lSlOliAL^ 
SubiGct to Revision 

DO NOT QUOTE OR I^ELEASE 
Pending .Approval by Dsiewor, 

U. s'. Geological SLirvey 
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Listing 6. Input values for ttie main data file of ttie particle-tracking post-processing program-Continued 

1 
1 
1 
1 
0 

-1 
1 
1 
1 
1 

15 
1 
1 
1 
0 
0 

15 

15 

15 

15 

15 

15 

1 
1 
1 
1 
0 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
0 
0 

(2014) -1 BOUNDARY , ARRAY 1 
1 1 1 1 • 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 

(2014) -1 BOUNDARY . ARRAY 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 0 0 0 0 0 

(2014) -1 BOUNDARY . ARRAY 3 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 • 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 -1 

(2014) -1 BOUNDARY . ARRAY 4 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 

(2014) -1 BOUNDARY , ARRAY 5 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 • 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 

(2014) -1 BOUNDARY , ARRAY 6 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 • 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 -1 

(2014) -1 BOUNDARY . ARRAY 7 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1- 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 -1 

15 (2014) -1 BOUNDARY . ARRAY 8 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1- 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 
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Listing 6. input values for the main data file of the particie-tracking post-processing program-Continued 

15 1.0 (20F4.0) 1 POROSITY LI 
40. 40. 40. 40. 40. 40. 40. 40. 40. 90. 90. 90. 90. 90. 90. 90. 90. 90. 90. 90. 
90. 90. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 
40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40 . 40. 40. 40. 40. 40. 40. 40. 40. 40. 
40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 
40. 40. 40. 40 . 40 . 40. 40. 90. 90. 90. 90. 

15 1.0 (20F4.0) 1 POROSITY L2 
35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 
35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 
35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 
35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 
35. 40. 40. 40 . 40. 40. 40. 40. 40. 40. 40. 

15 1.0 (20F4.0) 1 POROSITY L3 
40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 
40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 
40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 
40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 40. 
40. 40. 40. 40 . 40. 40. 40. 40. 40. 40. 40 . 

15 1.0 (20F4.0) 1 POROSITY L4 
35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 
35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 
35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 
35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 
35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 

15 1.0 (20F4.0) 1 POROSITY L5 
35. 35. 35. 35. 35. 40. 40. 40. 40. 40. 40. 40. 40 . 40. 40. 40. 40. 40. 40. 40. 
40 . 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 
32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 
32. 32. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 32. 32. 32. 32. 32. 32. 32. 32. 
32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 32. 

15 1.0. (20F4.0) 1 POROSITY L6 
26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 
26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 
26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 
26. 26. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 26. 26. 26. 26. 26. 26. 26. 26. 
26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 26. 

15 1.0 (20F4.0) 1 POROSITY L67 
5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5 . 5. 5. 5. 5. 5. 5. 
5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 
5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 
5. 5. 35. 35. 35. 35. 35. 35. 35. 35. 35. 35. 5. 5. 5. 5. 5. 5. 5. 5. 
5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 5. 

25. 
5. 

31. 

Subjecl 

survey 

POROSITY L7 
POROSITY L78 
POROSITY L8 
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93 22'30" 93»20' 
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Baa* from U. 3. Qeological Survey 
Hopkins and Minneapolis South; both 
maps 1:24,000, 1067 (Photorevlsed 1972) 

0.5 UO 1.5 HIL£S 

I 

Ci'S \,o l.S KILOMETERS 

FIgurm 1.—Location of study araa, St. Louis Park, and plant sita 
In thm MlnnaapoHs-St. Paul Matropofltan Area 



44*57'30" — 

44«68' _ 

froni U, S. Qeologlcal Survay 
Hopkins and Minneapolis South; both 
maps 1:24.000, 1967 (Photorevlsed 1972) 

Geology modified from 
Olsen and Blooragren, 1989, 
Minnesota Geological Survey 

0,5 \.o 1.5 MIUS 

0.6 Uo 
1 r 

1.5 KILOMETERS 

Figure 2.--Trace of hydrogeologic sections and location of plant site, 
bedrock valleys, and peat areas 



EXPLANATION 

AREA UNDERLAI>i MAINLY BY PEAT--Dashed where approximate 

BEDROCK VALLEYS--Area where Platteville aquifer is absent and 
drift is underlairjby St. Peter aquifer 

A) lA' TRACE OF GEOLOGIC SECTION 

Subject to Revision 
DO MOT QUOTE OR RELEASE 

App'ova? by 
U. 8. Ge^'OpAai S^^^'vev 
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VERTICAL SCALE 
GREATLY EXAGGERATED 
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.25 .5 MILE 
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650 
VERTICAL SCALE 
GREATLY EXAGGERATED 

0 .25 .5 KILOMETER 
PROVISiOrJAL DR/ 

Subjsct to Revision 
DO NOT QUOTE OR RELE>^ 
Pending Approval by Direcn 

U. S. Geofogical Siirvey 

Figure 3.-Hydrogeology section showing hydrogeologic units 
(trace of sections shown in figure 2). 



EXPLANATION 

'.•/ GLACIAL-DRIFT AQUIFER 

UNKNOWN LITHOLOGY, NO TEST HOLE INFORMATION AVAILABLE 7? 
I • • 

CONFINING UNIT 

BEDROCK AQUIFER 

WELL OR TEST HOLE 

CONTACT--Dashed where inferred 

PROVISIONAL DRAFT 
Subject to Revision 

DONOTQUOTEORRttEASE 
Pending Approval by Di.eao , 

u. s. Geoiogical Survey 
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93 22'30" 93*20' 
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Baaa from U. 3. Qeologlcat Survey 
Hopklna and Minneapolis South; both 
mapa 1:24,000, 1967 (Photorevlaed 1972) 

1.5 MILES 

1.5 KILOMETERS 

Figure 4.--Sat d thickness of upper drift aquifer 



EXPLANATION 

17 
UPPER DRIFT CONFINING UNIT IS ABSENT. UPPER AND MIDDLE DRIFT 
AQUIFERS COMPRISE A CONTINUOUS UNCONFINED AQUIFER--A ? indicates 
sufficient data is not available beyond patterned area to 
determine extent of upper drift confining unit. 

•X.^x UPPER DRIFT AQUIFER IS ABSENT. UPPER DRIFT CONFINING UNIT 
IS PRESENT AT LAND SURFACE. 

UNSATURATED SAND AND GRAVEL IS PRESENT AT LAND SURFACE. 
WATER TABLE IS AT OR BELOW TOP OF UPPER DRIFT CONFINING 
UNIT. 

\lo 

Q 

TEST HOLE 

Number is saturated thickness of aquifer, in feet 

Aquifer is absent, with till or clay present at land 
surface 

Subject to Revision 
DO NOT QUOTE OR RtUEASE 

Pending Approval by Diractcr, 
U. S. Geological Suivey 
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Baa* from U. S. Qaologlcal Survey 
Hopklna and Mlnneapolla South; both 
mapa 1:24,000, 1967 (Photorevlaed 1972) 
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Figure 5 m Ickness of upper drift confining unit 



EXPLANATION 

UPPER DRIFT CONFINING UNIT IS ABSENT. UPPER AND MIDDLE DRIFT 
AQUIFERS COMPRISE A CONTINUOUS UNCONFINED AQUIFER--A ? indicates 
sufficient data is not available beyond patterned area to 
determine extent of upper drift confining unit. 

X X UPPER DRIFT AQUIFER IS ABSENT. UPPER DRIFT CONFINING UNIT 
IS PRESENT AT LAND SURFACE. 

TEST HOLE--Number is thickness of upper drift confining 
unit, in feet 

um 
Subject to Revision 

DO HOT QUOTE OR fTitLbAbfc 
pendinci Approval Dy uirouioi, 

U. a Qeoiogical SuA/ey 
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EXPLANATION 

17 
UPPER DRIFT CONFINING UNIT IS ABSENT. UPPER AND MIDDLE DRIFT 
AQUIFERS COMPRISE A CONTINUOUS UNCONFINED AQUIFER--A ? indicates 
sufficient data is not available beyond patterned area to 
determine extent of upper drift confining unit. 

-25-- LINE OF EQUAL THICKNESS OF MIDDLE DRIFT AQUIFER--Dashed 
where approximate. Contour interval 25 feet 

ao-H 
TEST HOLE 

Number is saturated thickness of middle drift aquifer, in 
feet. A plus (+) indicates that the hole did not penetrate 
to the bottom of the aquifer. 

No confining unit present between the middle drift and lower 
drift aquifers; sand and gravel unit extends downward to 
the bedrock surface 

C/ a 'VS' 

c, to Revision 
no N?^aJOTE OR RELEASE 

AGorova! &y 
"a a Geological Sutvey 
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Figure 7.--Thickness of lower drift: confining unit 



EXPLANATION 

LOWER DRIFT AQUIFER IS ABSENT--Dashed where approximate. 
A ? indicates sufficient data is not available beyond 
patterned area to determine if lower drift aquifer is 
absent. 

TEST HOLE 

\\o 
• Number is thickness of lower drift confining unit, in 

feet 

0 Confining unit is absent 

Subject to Revision 
DO NOT QUOTE OR FiELEASE 

Pending Approve! by Director, 
U. S. Geoiogicai Survey 
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EXPLANATION 

LOWER DRIFT AQUIFER IS ABSENT--Dashed where approximate. 
A ? indicates sufficient data is not available beyond 
patterned area to determine if lower drift aquifer is 
absent. 

-15-- LINE OF EQUAL THICKNESS OF LOWER DRIFT AQUIFER--Dashed 
where approximate. Contour interval is variable 

a 
TEST HOLE 

Number is saturated thickness of lower drift aquifer, in 
feet 

No confining unit present between the middle drift and lower 
drift aquifers; sand and gravel unit extends downward to the 
bedrock surface 

^ Sand and gravel extends from the land surface downward to 
the bedrock surface, with no intervening confining units 

O Lower drift aquifer is absent 

Subject to Revision 
DO NOT QUOTE OR RELEASE 

Pending Approval by Director, 
U. 8. Geological Survey 
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EXPLANATION 

BEDROCK VALLEYS--Area where Platteville aquifer is absent and 
drift is underlain by St. Peter aquifer 

, TEST HOLE--Number is thickness of Platteville aquifer, in 
feet 
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EXPLANATION 

-890-- POTENTIOMETRIC CONTOUR--Shows line of equal altitude at which 
water levels would stand in tightly cased wells. Dashed 
where approximate. Contour interval is variable 

886.4 
Q OBSERVATION WELL--Number is altitude of water surface, in 

feet 

897.2 
^ STREAM-STAGE MEASUREMENT LOCATION--Number is altitude of 

stream water surface, in feet 

NOTE; DATUM IS SEA LEVEL 
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EXPLANATION 

BEDROCK VALLEYS--Area where Platteville aquifer is absent and 
drift is underlain by St. Peter aquifer 

-890-- POTENTIOMETRIC CONTOUR--Shows line of equal altitude at which 
water levels would stand in tightly cased wells. Dashed 
where approximate. Contour interval is variable 

885.2 
O OBSERVATION WELL--Number is altitude of water surface, in 

feet 

NOTE; DATUM IS SEA LEVEL 
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SUPERFUND PRELIMINARY SITE CLOSE OUT REPORT 
UNIVERSITY OF MINNESOTA ROSEMOUNT RESEARCH CENTER 

SUPERFUND SITE 
ROSEMOUNT, MINNESOTA 

I. INTRODUCTION 

This Preliminary Close Out Report documents that the University of 
Minnesota (University) has completed construction activities for 
the polychlorinated biphenyl (PCB) soil (and concrete) and ground 
water cleanup at the University of Minnesota Rosemount Research 
Center (UMRRC) Site in accordance with the Office of Solid Waste 
and Emergency Response Directive(OSWER) 9320.2-3C, the Response 
Action Agreement between the University and the Minnesota Pollution 
Control Agency (MPCA) , dated May 30, 1985, and the June 1990 Record 
of Decision (ROD) approved by the MPCA and concurred upon by the 
United States Environmental Protection Agency (EPA). The EPA and 
MPCA staff conducted the pre-final inspection on September 24, 1993 
and determined that the University had constructed the remedy in 
accordance with Remedial Design (RD) plans and specifications. 
Activities necessary to achieve site completion are under way. 

II. SUMMARY OF SITE CONDITIONS 

Background 

The UMRRC is located within the city limits of Rosemount in Dakota 
County, approximately 20 miles southeast of the Minneapolis/St^ 
Paul metropolitan area. The UMRRC covers approximately 5 square 
miles and is used by some light manufacturing and service 
companies. Within the confines of the UMRRC, the UMRRC site 
consists of three industrial disposal sites: the George's Used 
Equipment (GUE) site, the Porter Electric and Machine Company 
(PE) site, and the U.S. Transformer (UST) site. The University 
also burned discarded laboratory chemicals in a burn pit area on 
the Site. 

Soil and concrete on the three disposal sites were contaminated by 
PCBs and by lead and copper at the GUE site. PCBs in the soil were 
as high as 63,000 parts per million (ppm) and lead was as high as 
40,000 ppm. Also ground water at the site was contaminated by 
chloroform from the burn pit area. The highest concentration of 
chloroform found was 72 parts per billion (ppb) in a monitoring 
well one mile from the burn pit. 

The GUE site was used as an electrical equipment storage and 
salvage facility, as well as a general salvage facility between 
1968 and 1985. Activities at this site resulted in soil and 
concrete contamination by lead and PCBs. The PE site was used for 
storage and reconditioning of used industrial electrical equipment. 
Soil at this site is contaminated by PCBs. The UST site was-used 




